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A ppendix A P h o to m e tr ic  C a ta lo g u e ,
A PHOTOMETRIC STUDY OF 
THE SOUTHERN COAISACK.
1. Introduction:
1.1 Previous work in the region of the southern Coalsack:
The Coalsack is a single dark nebula in Crux. It is 
probably the most conspicuous compact absorbing cloud in the 
southern Milky Way, visible to the naked eye against the back­
ground of diffuse light from the faint Milky Way stars. The 
only star visible in the body of the nebula is HD 110432, a Bo star
of visual magnitude 5.4* The approximate centre of the nebula is at 
h mright ascension 12 4C> and southern declination 62° 40’, i.e. at
galactic longitude 270° and latitude 0°. The main body of the 
nebula covers an area of approximately 23 square degrees in the sky 
and south of this an irregular tail extends towards the west losing 
itself in broken absorption patches in Carina.
Though the Coalsack may seem a compact and isolated nebula, 
on photographic plates patches of widely varying obscuration become 
noticeable. On the Franklin Adams charts two main centres of absorption 
can be seen, one to the south-east of X Crucis and about one degree 
from it and the other similarly situated with respect to o^Crucis.
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Both centres have a triangular appearance, the one near XCru 
having its apex pointing to the east, the apex of the other pointing 
to the vest. Between these centres the absorption varies in an 
irregular manner over the body of the nebula. We may sum up by 
saying that the Goalsack appears to be a discrete dust cloud which 
nevertheless possesses considerable internal structure.
The history of quantitative research in the region is 
quite short even in comparison with that for other southern objects.
The first determination of the total photographic absorption of the 
Coalsack as a whole was made by Unsold (l) in 1929, who, from an analysis 
of star counts in the nebula and in adjacent comparison regions, derived 
a total photographic absorption of one magnitude and who found from a 
Wolf diagram a distance of approximately 150 parsecs. A more detailed 
discussion of further star count data in the Coalsack was made by Muller 
(2) in 1934, who also derived an average absorption of one magnitude.
(1) Unsold, A,
(2) Muller, R,
: H.B., 870, 12, 1929.
: Zfs. f. Ap., 8, 66, 1934
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In  M üller*s su rvey , sm a lle r a reas  were in d iv id u a lly  in v e s tig a te d  
and th e  r e s u l t s  confirm ed th e  im pression , mentioned above, th a t  th e re  
a re  c o n s id e ra b le  v a r ia t io n s  in  o b scu ra tio n  w ith in  th e  nebu la .
In  agreem ent w ith  U nsold, M ü lle r1 2s a n a ly s is  led  him to  p la ce  
an upper l im i t  o f 150 p a rsecs  on th e  d is ta n c e  o f th e  nebula. In  1941, 
L indsay ( l )  d isco v ered  a sm all reg io n  o f b r ig h t  n e b u lo s ity  in  a d en se r 
p a r t  o f th e  C oalsack  n ear i t s  n o rth e rn  border and made s t a r  counts in  
th e  re g io n  o f t h i s  n e b u lo s ity  and in  f iv e  a d jac e n t com parison re g io n s .
The t o t a l  pho tograph ic  ab so rp tio n  o f th i s  reg io n  o f th e  nebula was found 
to  be 1 .6  m agnitudes and th e  d is ta n c e  160 p a rse c s . The d iscovery  o f th e  
n e b u lo s ity  in  th e  C oalsack which surrounded s t a r  C .P.D . -60° 4312 = HDE 
311999, enabled  Lindsay to  make a second d e te rm in a tio n  o f th e  d is ta n c e  
o f th e  d a rk  c lo u d . Taking th e  spectrum  of HDE 311999 to  be o f ty p e  dGl 
o r  DG2 from F. B ecker's  (2) Potsdam S p e c tra l  Durchmusterungen and assuming 
th e  n eb u la  to  be o f th e  r e f l e c t io n  type illu m in a te d  by th e  s t a r  s i tu a te d  
in  f r o n t  o f  th e  C oalsack, Lindsay found a d is ta n c e  o f 166 p a rsec s .
(1) L indsay , E.M. : Proc. Roy. I r i s h  A cad., 4 6 , A, 11, 1941.
(2) B ecker, F . : Potsdam P ub ., 27, 2 , 1930.
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However, plates taken in the present study and also in 
Gum's (l) survey of southern HII regions show that this nebulosity 
is bright in H<»c light. It was learnt further, that Houck has 
classified HDE 311999 as 09.5V on the Revised Yerkes system and 
that therefore the star is a highly reddened object situated well 
behind the Coalsack. These results show that Lindsay's second 
derivation of the distance is invalid, while other estimates, being 
based on star counts, have considerable uncertainty.
The distribution of stars of various spectral types in 
differing groups of apparent magnitude in the Coalsack and in the 
neighbouring Selected Area 194 was studied by Bruck (2) in 1934, whose 
most important conclusion was that colour excesses found in and out of 
the Coalsack show no systematic difference. This suggestion of neutral 
absorption in the Coalsack was one of the priraaiy incentives for the 
present investigation.
(1) Gum, C.S. : Memoirs of the R.A.S., LXVII. 155, 1955
(2) Bruck, H. : Zfs. f. Ap., 8, 75, 1934.
- 5-
The most recent study of the region has been made by 
T.E. Kouck (l) at the Boyden Station, in his work of the OB association 
I Crucis. The centre of this association of early type stars is at 
1 = 272?0 and b = +0?5 from which it extends to the west to lie in 
part behind the northern section of the Coalsack. To the east the 
association reaches into the less obscured regions in Centaurus. Houck 
has classified the spectra of some members of this association on the 
Revised Yerkes system and finds colour excesses from photometry of the 
classified stars and also from three colour observations of the non­
class if ied members of the association. For the total absorption in the 
line of sight of the association, which he finds to be at a distance of 
2.2 kiloparsecs, Houck determines a ratio of total visual absorption 
to colour excess on the C-^  system of Ay/E^ equal to 6.3 - 0.2, which 
agrees closely with the value 6.1 i 0.2 given by Morgan, Harris and 
Johnson (2) for reddened regions in the northern hemisphere. As a 
significant proportion of the reddening of the I Crucis association is 
due to the Coalsack to see that Houck's result does not confirm Bruck's
(1) Houck, T.E. : Thesis, Wisconsin, 1955. I am indebted to Professor
B.J. Bok for the opportunity to study Houck's thesis.
(2) Morgan, W.W., Harris, D.L. and Johnson, H.L. : Ap. J., 118, 165, 1953.
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suggestion of neutral absorption in the Coalsack and indeed shows 
that the wavelength dependence of absorption and hence the optical 
properties of the interstellar particles in the Coalsack are probably 
similar to those in the general galactic field, Houck also finds a 
mean visual absorption of 1,6 magnitudes for the part of the Coalsack 
in front of the I Crucis association. This value represents a mean 
over several variously obscured parts of the nebula and depends 
directly on the assumed absorption in the region between the Coalsack 
and the association.
Measurement of the interstellar polarisation of stars in the 
southern Milky Way including stars in the region of the Coalsack has 
been made by Mrs E,v.P. Smith (l). The main conclusion from her work 
is that there exists a distinct differentiation in the position angle 
of the polarisation vector in the northern and southern halves of the 
nebula. The OB stars observed by Mrs Smith are all situated in the inner 
spiral arm or beyond but since the major portion of the absorption is 
produced by the Coalsack, she concludes that the effect mentioned above 
arises in the Coalsack itself, suggesting that the nebula may consist
(1) Elske v.P. Smith : Ap. J,, 12^ ., 43, 1956
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of several smaller clouds. In this connection note may be made of 
the existence of the two centres of absorption mentioned above.
She also confirms the impression that the southern section of the 
nebula is more broken and irregular in absorption than the northern 
section.
Investigations of the distribution and velocity of neutral 
hydrogen from studies of the profiles of the 21-cm line radiation in 
the Coalsack are at present being made in Sydney by Gum and Kerr. This 
work is part of a general survey of the neutral hydrogen regions in the 
southern Milky Way. Preliminary results suggest that if the 21-cm 
radiation is attributable to a gaseous concentration around the dark 
nebula, this is certainly less concentrated than the dust. This 
associated cloud of neutral hydrogen shows a systematic velocity with 
respect to the sun of +5 - 3 kms/sec.
From the point of view of the present study then, the salient 
facts regarding the Coalsack are that it is a compact but irregular 
dark cloud with absorption varying between 1 and 3 magnitudes, situated 
at a distance for which the upper limit is given as 150-160 parsecs. 
Behind this, at a distance of approximately 2 kiloparsecs, a group of 
OB stars and HII regions, i.e., objects of Baade’s type I population,
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The aims of the study to be described in the following 
chapters can be considered as twofold. The Goalsack presents us 
with an opportunity of investigating an isolated nebula intermediate 
in size between extensive complexes of dark matter observed in 
Taurus and Ophiuchus and the small dense globules’ described try 
Bok (1) and Thackeray* It is desirable to obtain reliable values 
of the distance, dimensions, absorption and mass of the Coalsack; 
such data, combined with kinematic studies of the associated neutral 
hydrogen and other components of the interstellar gas, would permit 
also of conclusions regarding the stability of the nebula*
The first aim of the present investigation is to determine 
the distribution with distance of interstellar absorption within 
several regions of the Coalsack* This information leads to a distance 
of the nebula as a whole and to a picture of the internal density 
variation* Absorption due to the Coalsack may then be separated from 
that in the more distant regions behind the nebula.
Secondly, we may regard the Coalsack as a test object for the 
application of three colour photometric techniques to a study of 
interstellar absorption. The effectiveness of the three colour method 
used can be judged from results obtained here and consideration be given 
to its use in further investigations into the structure of our galaxy.
(1) Bok, B.J. : Harvard Centennial Symposia, 53, 1948*
— o0o~
2 Three Colour Photometry
2.1 The application of three colour techniques to the determination 
of interstellar absorption.
Studies of interstellar absorption have assumed importance to 
modern astronomy in three major aspects. Firstly, before an accurate 
picture of the stellar distribution can be obtained, the spatial 
distribution of interstellar absorbing material must be Imown and taken 
into account. Prior to Trumpler’s classic studies of open clusters, from 
which came the first definitive recognition of a general substratum of 
dust in the plane of the Milky Way, investigations (such as were made by 
Kapteyn) of the spatial distribution of stars gave a false idea of the 
size and structure of the Galaxy. Secondly, the study of the interstellar 
dust itself is of importance. Modern theories of stellar evolution have 
stressed the role played by dust in the formation of stars by 
gravitational contraction of the interstellar gas and dust. Important 
too, is a knowledge of the particles constituting the dust clouds; some 
data derived from their optical properties are particle size distribution 
and composition. These, together with data on the temperature and density 
of the dust particles, may then lead to theories of grain formation and
destruction,
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The most direct method of obtaining the total absorption of a 
cloud of interstellar dust is by analysis of counted star numbers to 
various limiting magnitudes, in the cloud and in neighbouring comparison 
regions* Numerical techniques have been developed for the determination 
of the distribution of dark matter under certain assumptions concerning 
the form of the luminosity function and space density distribution in 
the region concerned. Such numerical methods, for example those developed 
by Bok (l), have the advantages of flexibility and simplicity over the 
various elegant, but physically unreal, analytical methods developed earlier 
this centuiy. In any general star count programme, the information obtainable 
on the extent and distance of an absorbing cloud is restricted by the 
effect of the large dispersion in absolute magnitude of the counted stars.
The gain in nresolving power” of the counts obtained by decreasing the 
dispersion in luminosity to, say 0.5 magnitudes, allows a more detailed 
analysis of an absorbing region; numerous investigations, notably by the 
Swedish astronomers, are based on data from objective prism surveys 
restricting each count to a small interval of absolute magnitude.
Bok, B.J. : H.G. 371, 1931.
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In Lindsay’s programme, a Bok-analysis of star counts gave an 
estimate of the space density distribution for the comparison regions 
which he then assumed to be the same as in the direction of the Coalsack 
itself. The distance of the Coalsack was then found assuming the presence 
of a thin nebula absorbing 1,6 magnitudes at a distance such that the 
observed counts were reproduced, A limitation of star counting techniques 
is seen in this case where there is evidence, as mentioned in the preceding 
chapter, of extensive obscured regions behind the Coalsack, Thus the 
density function found in the comparison region is itself dependent on 
the assumed absorption. However, there is another method of determining 
the distance, thickness and amount of obscuration of an absorbing cloud 
which depends on the fact that interstellar absorption varies with the 
wavelength of the transmitted radiation. If we assume that the ratio of 
total to selective extinction is known, then a determination of the reddening 
effects of an absorbing cloud will yield data similar to those obtainable 
from a star count programme.
Let us consider two star's, A and B, of the same intrinsic energy 
distribution, nn(\)f situated behind absorbing screens of differing optical
thickness, T  T  respectively. Assuming the wavelength dependence of theA ß
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two screens to  be s im ila r  and o f th e  form /\ A - a. + Cr A , we f in d  th a t  
th e  magnitude d if fe re n c e  o f A and B a t  any wavelength A  due to  a b so rp tio n , 
becomes
L ( a + 6 -  u ^ i ( Ä J + T  (a .+  irA ) j
i. e. Sm ( y )  - a  (T^ -  Tq ) + ^ ( Tq - ; Ä ^
olsy^ oL. Ä . L  - d  fl. c :  a  (y C -  ^  y  o - b-/ r  ö t > & i  > ß I a  *■
UKs J^Ouu<,
■+■ 6- -  6  X J  ~ (UI z i x
I f ,  on th e  o th e r hand, we have two s t a r s  r a d ia t in g  l ik e  b lack  
bodies but a t  d i f f e r e n t  tem p era tu res , th en  a t  a g iven  wavelength th e  
r e la t iv e  b r ig h tn e s s  i s  given by j  .
e (*, r,)/t a ,  T.) -k “A - ,  ]/r« ’' - - w
Expressing  (2) in  th e  form of a magnitude d if fe re n c e  and d i f f e r e n t i a t in g  
( l )  and (2) w ith re s p e c t to  /A  we o b ta in  th e  equations
c L ( i m ( t i ) / <£('/£) -  - n  X .................................. " ( •X '
cL(Srr,^l<L('A)- %7‘) t  ] -~~(4)
where th e  f a c to r  1.086 a r is e s  from th e  conversion  from th e  n a tu ra l  to
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Pogson s c a le  of lo g arith m s. In  astronom ical a p p lic a tio n s  we can ta k e
n e a r ly  u n ity  and th e  slope  o f th e  curve connecting  r e l a t i v e  m agnitude 
w ith frequency is  n ea rly  c o n s ta n t. From eq u ation  (3) ,  in  th e  case where
and W hitford ( l )  s ix  co lour o b se rv a tio n s  of reddened and unreddened B 
s t a r s  show th a t  th e  form of th e  s e le c t iv e  e x tin c t io n  curve over th e  
wavelength in te r v a l  spanned by th e  s tan d ard  p h o to g rap h ic -p h o to v isu a l 
co lo u r index  does in  f a c t  c lo se ly  approxim ate to  th e  case  n = 1. T here fo re  
on th e  assum ption th a t  s ta r s  r a d ia te  as b lack  bodies in  th i s  w avelength 
in te r v a l ,  i . e .  from A = 0.42 to  0 . i t  would be im possib le  to
d is t in g u is h  space reddening from th e  i n t r i n s i c  co lo u r by two co lo u r 
photom etry a lo n e . The most common method of e s tim a tin g  th e  i n t r i n s i c  
co lo u r o f a s t a r  o f a given s p e c t r a l  type  and lu m in o sity  c la s s  i s  based 
on co lo u r measurements of b r ig h t ,  unreddened s ta r s  o f th e  same type  and 
c la s s .  Comparison of th e  co lo u r in d ic e s  o f th e  s tan d a rd  s t a r s  w ith  th o se  
o f th e  s t a r s  under in v e s t ig a t io n  then  lead s  sim ply to  th e  co lo u r excess
( l )  S te b b in s , J .  and W hitford, A.E. : Ap. J . , QS, 20, 1943 and Ap. J . ,
i s  a lso  independent o f frequency . Now th e  S teb b in s
102. 31 <3, 1945
and absorption for the region between star and observer. The basic 
assumption of such a method is that there exists a unique relation 
between the type-luminosity classification based on relative line 
intensity criteria and the relative intensity of the continuum as derived 
from broad band photometry at two wavelengths.
photometry over a small wavelength base will not lead to a measure of 
interstellar reddening. Fortunately however, in actual stars the 
assumption of black body radiation does not hold over the wavelength range 
accessible to astronomical observation. Nor does the wavelength dependence
system of three or more wavelengths these deviations allow a separation of 
reddening and intrinsic colour in the observed colour indices. With such 
a multicolour system we can develop criteria analogous to the relative line 
intensity criteria in spectral classification and proceed thence to the 
determination of colour excesses.
In practice, the response curve of a photometric receptor, whether
It was shown previously that if we assume black body radiation,
of interstellar absorption exactly follow In a given photometric
photomultiplier or photographic plate with glass absorption filter, has a 
finite width. As a consequence, any useful deviation of a star’s energy
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distribution from black body must be either exceptionally marked or 
extend over a large range of wavelengths. Strömgren (l) and Gyldenkerne 
(2), using interference filters of extremely narrow band-width, have 
been able to delineate photometrically particular features of the stellar 
continuum which yield criteria giving accurate correlations with 
conventional spectral classifications. In normal wide band photometry 
such fine details are integrated over the response curve and the receptor 
is therefore insensitive to them. Thus the position and width of the 
response curve with respect to the deviations from the £/r> oG /> form 
is of the utmost importance in the application of three colour photometry 
to studies of interstellar reddening. In the following sections we 
shall discuss in more detail the various three colour photometric systems 
that have been used or proposed, and the choice of a system for use in 
the present investigation. The systems to be discussed mainly differ 
in the features of the stellar continuum considered most amenable to 
integral photometric studies.
(1) Strömgren, B. : A.J., j>7> 2 0 0 > 1952.
(2) Strömgren, B. and Gyldenkerne, K. : Ap, J,, 121, 43, 1955
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2.2 Becker^ three colour method.
The first suggestion for a system of three colour photometry 
utilizing the departure of the stellar radiation continuum from black 
body was made by W. Becker (l) in 1933. Following photometric studies 
by Kienle, Strassl and Wempe (2), Becker assumed that the continuum could 
be represented by two linear gradients intersecting at 4,300A. The 
spectrophotometric data showed that the difference between these two 
gradients was a function of spectral type and Becker chose the three 
colour system to measure the gradients on each side of 4,300A. The 
effective wavelengths of the magnitude system used were 4*250, 5,300 
and 7,050A, so chosen that the ratio of colour excesses for the two
colour indices was unity. Denoting the three effective wavelengths of
a photometric system by  ^A and A c with ^ A ^ A c the 
colour excesses may be written
£ab ' K  ck^ oL  £  6C “ ^ c CA)
where k is a constant and the function describes the wavelength dependence 
of the selective absorption. Thus the observed colour indices may be written
(1) Becker, W. : Zts. f. Ap., lf>, 225, 1933.
(2) Kienle, H., Strassl, H. and Wempe, K. : Zts. f. Ap., 16, 201, 1933.
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Cat'-^ b +^^b(K)and Cbc-~lfc + k fccU/
where 7 , and I , are the intrinsic colours of the star on the A„ A*. A 
system.
In Becker’s system, where S a b (X)- S b c CK) ^  see that the 
colour difference, ^ is independent of interstellar reddening.
It can be seen further, that in the general case where the ratio of colour 
excesses is equal to n such that n = b/ £ q £> > the quantity C Q ^ — A/ C
is independent of reddening. Thus using Becker's 1938 system, for 
unreddened stars we can plot the colour difference against either of the 
colour indices and obtain a rough sorting according to spectral type; for 
reddened stars the diagram will show a displacement which is independent of 
the colour difference.
In applying the colour difference diagram to an investigation of 
interstellar reddening, the position in the diagram of the observed stars 
in a reddened field is compared with a sequence formed from stars considered 
to be unreddened, in genera] bright nearby stars. The intrinsic colour 
difference diagram for Becker's photometric system is shown in Figure 1.
The displacement along the reddening line, parallel to the abscissa, is the 
colour excess on this particular colour system. In applying Becker's method 
to studies of galactic structure, interstellar reddening etc., the first 
step is to obtain the position in the colour difference diagram of stars that
Figure 1
The in tr in s ic  2 clou? difference diajreir on t i e  
Becher 1938 systen, i ,e ,  with effectiye vaTelengths 4^53, 5300 
ar.d 7050A* Since the twc b ( / \ ,  are eqnal to 0.41/, the colour 
d ifference is iniependent of the reddening,
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cai be considered as unreddened. This then provides a standard for 
comparison with a similar diagram representing a group of stars under 
in7estigation; if interstellar reddening is present the spectral sequence 
of the intrinsic difference diagram will be displaced bodily along the 
reldening line. It is, however, desirable to select stars within a 
restricted range of apparent magnitudes; in a region where reddening 
increases with distance, the spectral sequences of giants and supergiants 
which, for a given apparent magnitude are further away than the dwarfs of 
the same spectral type, are displaced to form similar sequences further 
along the reddening line. Becker envisaged use of the colour difference 
method for very faint stars, thereby extending studies of interstellar 
absorption to greater distances; the limiting magnitude of stars accessible 
to integral photometry is, for a given telescope size, much fainter than 
obtainable in an objective prism survey. We will return to this aspect of 
three colour photometry in a later chapter.
In 1947, Fleischer (l) published a criticism of Becker's method 
of colour differences as applied to studies of absorption and galactic 
structure. He was able to show that because of Becker's choice of wavelengths 
the method failed to give sufficient resolution of spectral type, so that
(l) Fleischer, R. : A.J. 53» 1, 1947
even with photometry of the highest accuracy, it was inadequate for use 
in absorption studies. However the techniques of application of the 
CD diagram developed by Becker are not vitiated by Fleischer’s work.
The largest gross continuum variation in the astronomically 
accessible spectrum is caused by the change in continuous absorption 
at the Balmer limit A =3£>4 6 A. A paper by Yu (l) on spectrophotometry 
in the ultraviolet region of stellar continua for stars of various 
spectral type, beautifully shows the effects of varying hydrogen 
absorption in this wavelength interval. The large variation in the 
intensity of the continuum through B stars to a maximum suppression at 
A1 and the rise to FS is most strikingly seen in Plate 1 of this paper. 
Barbier and Chalonge (2) have carried out an extensive investigation of 
the intensity and position of the Balmer discontinuity and have given a 
thorough and accurate discussion for stars of various spectral type. From 
their work it can be seen that a three colour photometric system directly 
exploiting the variation with spectral type may be a successful substitute 
for the original Becker system,
(1) Yu, C.S. : L.O.B., 1$, 422, 1929.
(2) Barbier, D. and Chalonge, D. : Ann. d' Ap., 30, 1941.
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In  re c e n t y ears  Becker ( l )  has extended h is  th re e  co lou r 
photom etry to  cover th e  v a r ia t io n  in  th e  Balmer d is c o n t in u ity  and has 
ap p lied  an RGU system to  s tu d ie s  o f membership in  g a la c t ic  c lu s t e r s ,  
redden ing  e f f e c t s ,  and in v e s t ig a t io n s  o f th e  lu m in o sity  fu n c tio n . In  
t h i s  system R has a response curve cen tred  a t  6,380A, G a t  4>700A and 
U a t  3 ,730A,
O ther th re e  co lo u r system s have been developed a t  H arvard by 
T i f f t  (2 ) , and re c e n tly  a t  th e  Cape by Cousins (3) and S toy , T i f f t 1 234s 
system  is  based on p h o to e le c tr ic  and photograph ic  o b serv a tio n s  aimed 
a t  r e la t in g  th e  Becker RGU system  to  th e  Revised Yerkes s p e c tra l  
c l a s s i f i c a t i o n  and u sin g  i t  to  study open s t a r  c lu s t e r s .  Two co lo u r 
o b se rv a tio n s  o f th e  Harvard S tandard  E reg io n s  a t  d e c l in a t io n  -  45° 
have been made a t  th e  Cape (4 ) ,  r e s u l t in g  in  th e  estab lish m en t o f th e  
SPv, SCI system , and re c e n tly  o b serv a tio n s  o f th e  same s ta r s  have been 
extended to  a th i r d  co lo u r in  th e  u l t r a v i o l e t .  To d a te  th e  Cape 
o b se rv a tio n s  have been made w ith  r e f r a c to r s  o r s i lv e re d  r e f le c to r s  and 
adequate tra n s fo rm a tio n s  to  o th e r  u l t r a v i o l e t  system s have proved d i f f i c u l t .
(1) Becker, W. and S te in l in ,  U. • Z ts, f .  A p., JQ, 188, 1956«
(2) T i f f t ,  W.G. : Mimoegraphed N otes, H arvard, 1954.
(3) C ousins, A.W. : P r iv a te  Communication,
(4) Cape Mimeograms : Royal O bservatory , Capetown, S .A ,, 1953.
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2 .3  Jo h n so n ^  UBV system and i t s  a p p lic a tio n  to  Becker*s method,
With th e  advent o f p h o to e le c tr ic  techn iques i t  has been r e a l i s e d  
th a t  l i n e a r  tran sfo rm a tio n s  between d i f f e r e n t  photom etric  systems cannot 
be made w ith  th e  accuracy w arranted by th e  o b se rv a tio n s . S tebb ins and 
’W hitford  ( l )  and Seares (2) have shown th a t  fo r  th e  North P o la r Sequence 
such tra n s fo rm a tio n s  a re  n o n - lin e a r  due to  th e  in c lu s io n  o f d i f f e r e n t  
amounts o f u l t r a v i o l e t  r a d ia t io n  in  th e  v a rio u s  b lue  p h o to e le c tr ic  and 
photograph ic  o b se rv a tio n s . The e f f e c ts  were more f u l l y  d iscu ssed  by 
Johnson (3 ) , who a r b i t r a r i l y  inc luded  d i f f e r in g  amounts o f r a d ia t io n  
s h o r te r  th an  3,800A in  a b lue m agnitude and found th a t  th e re  re s u l te d  
n o n - l in e a r  and m ultiva lued  tran s fo rm a tio n s  between th e se  m agnitudes. He 
compared a b lue  magnitude B fre e d  o f th e  u l t r a v i o l e t  w ith  systems such as 
th e  s ix -c o lo u r  photom etry o f S teb b in s  -  W hitford, Eggen’s p  and th e  
system s o f sp ec tropho tom etric  g ra d ie n ts  observed a t  Mount Strom lo and 
Greenwich. The r e s u l t s  of th e se  s tu d ie s  led  him to  propose a new 
photom etric  s^rstem (4 ) , (5 ) , based on o b serv a tio n s  o f s tandard  s t a r s  f o r
(1) S te b b in s , J .  and W hitford , A. : Ap. J . , 87, 237, 1938.
(2) S e a re s , F.H. : Ap. J . , 87, 257, 1933.
(3) Johnson, H.L. : Ap. J . , 116, 272, 1952.
(4) Johnson, H.L. and Morgan, W.W. : Ap. J . ,  117, 313, 1953.
(5) Johnson, H.L. : Ann. d ’A p., 18, 292, 1955.
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which the  lu m in o s ity  c la s s e s  and s p e c t r a l  types were r e p re s e n ta t iv e  o f 
a ll . p a r ts  o f th e  H ertzprung -  R ussel diagram . Photo e le c t r i c  meastirements 
were made on th e se  s ta r s  in  th e  th re e  co lou rs  U, B and V, where U i s  an 
u l t r a v i o l e t  m agnitude cen tred  a t  3,700A, B is  th e  b lue  magnitude cen tred  
a t  4,.300A bu t c o n ta in in g  no u l t r a v i o l e t  r a d ia t io n  s h o r te r  than  3,S00A, 
and V is  a ye llow  magnitude based on th e  IPv system and having an e f f e c t iv e  
wavelength o f 5,b00A. Johnson adopted th e  z e ro -p o in ts  o f th e  U-B and B-V 
co lo u rs  as th e  average co lo u rs  o f a group o f unreddened A o X sta rs , th u s  
r e tu rn in g  to  th e  o r ig in a l  d e f in i t io n  o f th e  co lo u r ze ro -p o in t on th e  IPg, 
IPv. system . The main fe a tu re  o f th e  UBV system is  th a t  i t  has been chosen 
to  meet th e  requ irem en ts  o u tlin e d  e a r l i e r  fo r  th e  c o n s tru c tio n  o f a 
f r u i t f u l  co lo u r d if f e r e n c e  diagram . S ince Johnson in  h is  ’’Fundamental 
Photom etry” d e a ls  p rim a rily  w ith b r ig h t  s ta r s ,  a lm ost a l l  t h e i r  observed 
co lo tirs  are  u n a ffe c te d  by redden ing  and can be tak en  to  be t h e i r  i n t r i n s i c  
c o lo u rs ; c e r ta in ly  t h i s  i s  so fo r  th e  g ia n ts  and dw arfs o f types l a t e r  th an  
B5. F igure 2 (a) shows th e  co lo u r d if fe re n c e  diagram  fo r  th e  s t a r s  
observed by Johnson. Incliided among th e  b lu e s t  s ta r s  a re  s e v e ra l lu m in o sity  
c la s s  I  su p e rg ian ts  which a re  a f fe c te d  by i n t e r s t e l l a r  reddening so t h a t  
over th i s  p a r t  o f th e  diagram  we adopt th e  b lue  envelope o f th e  B s t a r  
co lo u rs  as th e  i n t r i n s i c  c o lo u r l i n e .  The i n t r i n s i c  CD diagram on th e  UBV 
system is  shown in  F igu re  2 (b ) .
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Figure 2
The intrinsic colour difference diagram on Johnson’s 
UBV system. The ordinate is the colour difference (U-B)-(B-V) 
and the abscissa is the colour index B-V* The spectral sequences 
for the luminosity classes I, III and V are shown and the slope of 
the reddening line is given by E(U-B)= 0.76E(B-V).
-oOOo-
Figure 2 a
The colour difference (U-B)-(B-V) plotted against 
(B-V) for the stars observed by Johnson in his Fundamental 
Photometry,
-0OO0-
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Becker and Steinlin have discussed the most important differences 
between CD diagrams on the RGU and UBV systems; on the former systan the 
diagram shows a greater separation of the late type dwarf and giart spectral 
sequences. In order to form the intrinsic CD diagram for the RGU system 
it would be necessary to duplicate the effective wavelengths by suitable 
plate filter combinations and to measure a representative group of bright 
unreddened stars for which the absolute magnitudes were known. This 
would involve many practical difficulties. Photoelectrieally, the 
measurement of the R magnitude for the programme stars is limited by the 
lower response of the IP-21 photomultiplier in the red wavelength region.
If the work is done photographically then the varying colour characteristics 
of the atmosphere, telescope reflecting surfaces and photographic plates 
would be difficult to monitor and control. It is not argued here that such 
a series of observations is impossible or not worthwhile but Becker s 
system at present is not standardised against the stars themselves. Herein 
lies the value of Tifft’s photometric programme mentioned previously. On 
the other hand, the UBV system is well calibrated against the spectral 
standards of the MK system and includes standards in the equatorial regions 
which make it accessible to southern hemisphere observers. Moreover Keenan
and Morgan ( l )  have pub lished  a c a l ib r a t io n  o f t h e i r  lu m in o sity  c la s s e s  
in  term s o f a b so lu te  m agnitude, thus allow ing  e s tim a tio n  o f d is ta n c e s  
when c o rre c t io n s  a re  made fo r  a b so rp tio n . In  a d d itio n , th e  redden ing  
co n stan ts  o f th e  UBV system have been th e  su b je c t o f s ev e ra l in v e s t ig a t io n s  
by Johnson, 1953 ( lo c , c i t . ) ,  Blanco (2) and H il tn e r  and Johnson (3 ) .  They 
found th a t  over la rg e  se c tio n s  o f th e  Milky Way th e  fo llow ing  r e la t io n s  
are  v a l id :
E - 0 - 7 6  E 
U - ß  Q - V
where £  £• a re  th e  co lo u r excesses on th e  U-B, B-V system and
U - ß  > Q - V
^ 8  '  *1  23'°£  8 - v /
where A  i s  th e  t o t a l  i n t e r s t e l l a r  a b so rp tio n  on th e  B magnitude system .
An advantage claim ed by Becker and S te in l in  fo r  th e  RGU system 
is  th a t  i t  shows a g re a te r  s e p a ra tio n  o f th e  l a t e  type  dwarf and g ia n t 
sequences, e sp e c ia l ly  in  th e  s p e c t r a l  range G5-K2. I f ,  as Becker su g g es ts , 
we form the. CD diagram of a reddened reg io n  from s ta r s  o f th e  same apparen t 
m agnitude, th en  in  both th e  RGU and th e  UBV system s th e  g ia n ts  w i l l  be 
fu r th e r  d isp la c e d  th an  th e  dw arfs so th a t  s e p a ra tio n  o f th e  lu m in o sity  
c la s s  I I I  and V s p e c tr a l  sequences is  e f fe c te d .
( l )  Morgan, W,W. and Keenan, P,C, : A stro p h y sics , ed. Hynek, 12, McGraw-
H i l l ,  1951.
(2) Blanco, V. : Ap. J , , 12^, 64, 1956.
(3) H il tn e r ,  W.A. and Johnson, H.L. : Ap, J , , 124, 367, 1956.
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Cons id e r in g  a l l  th e  f a c to rs  d iscu ssed  above, i t  was decided 
to  apply  th e  Becker method o f th re e  co lou r photom etry on th e  UBV system 
in  th e  in v e s t ig a t io n  o f the  reddening  p ro p e r tie s  o f th e  Coalsack.
R etu rn ing  to  a c o n s id e ra tio n  o f th e  UBV co lou r d if fe re n c e  
diagram  in  F igure  2 , we no te  th a t  th e  s p e c tr a l  sequence marked Ia ,b  is  
based on o b serv a tio n s  of s ta r s  th a t  Johnson has termed ” l i t t l e  reddened 
s u p e rg ia n ts ” . However th e  i n t r i n s i c  co lours o f su p e rg ian t s t a r s ,  e s p e c ia l ly  
those  o f l a t e r  ty p e , may be much more a ffe c te d  by i n t e r s t e l l a r  redden ing  than  
was fo rm erly  supposed. Evidence o f th i s  comes from th e  work o f  S tib b s  ( l ) ,  
Code (2) and Gascoigne (3) on th e  co lours  and s p e c tra  o f th e  c l a s s i c a l  
cepheids in  th e  galaxy and th e  M agellanic c lo u d s. Code has found th a t  
th e  s p e c t r a l  type a t  l ig h t  maximum of g a la c t ic  c l a s s i c a l  cepheids i s  n e a r ly  
independent o f p e rio d . On th e  o th e r hand p h o to e le c tr ic  co lo u rs  o b ta ined  by 
Eggen (4 ) , show a marked in c re a se  in  co lour index  w ith p e rio d . The 
in te r p r e ta t io n  has been made by Code and S tib b s  th a t  th i s  e f f e c t  i s  due 
to  th e  excess reddening of th e  longer p e rio d , more luminous and hence in  
g en era l more d i s ta n t  cepheids. Gascoigne has a r r iv e d  a t  a s im ila r  co n c lu sio n  
from a com parison of th e  co lo u rs  a t  maximum l i g h t  o f g a la c t ic  and M agellan ic 
cepheids o f e q u iv a len t p e rio d . These r e s u l t s  su ggest a n eg a tiv e  c o r re c t io n
(1) S tib b s , D.V.N. : M.N., 11£, 323, 1955.
(2) Code, A. : Columbus m eeting, A .A .S., 1956.
(3) G ascoigne, S.C.B. : P .A .S .P ., ( in  p re s s ) .
(4) Eggen, O .J. : A p .J ., 113, 367, 1951,
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to  th e  Johnson su p e rg ian t normal co lo u rs  -which in c re a se s  -with advancing 
s p e c t r a l  ty p e . Because o f th e  p re se n t u n c e r ta in ty  as to  th e  va lu e  of 
t h i s  c o r re c t io n  and i t s  dependence on s p e c t r a l  ty p e , and because o f th e  
p ro p o r tio n a te ly  sm all number of su p e rg ian ts  in  a r e s t r i c t e d  range of 
ap p aren t m agnitude, reddening  d a ta  w i l l  be d e riv ed  only from su p e rg ia n ts  o f 
s p e c t r a l  ty p e  B5 or e a r l i e r .
Johnson h im se lf developed a method o f de term in ing  s p e c t r a l  types 
and i n t r i n s i c  co lou rs  o f s t a r s  e a r l i e r  than  B9 from UBV measurements a lo n e .
As shown in  s e c tio n  2 .1 , th e  q u a n tity  Q = (U-B) -n  (B-V) where n is  th e  
r a t i o  o f (U-B) to  (B-V) co lou r ex cess, may be formed such th a t  Q is  
independent o f i n t e r s t e l l a r  redden ing . Johnson, having determ ined n, found 
Q as a fu n c tio n  o f (B-V) fo r  th e  b r ig h te r ,  nearby B s t a r s .  Comparison o f 
th e  observed va lues o f ^ and (B-V) w ith th e  i n t r i n s i c  Q(B-V) r e l a t io n  then  
gave th e  s p e c t r a l  type  and co lou r excess fo r  th e  s t a r  in  q u e s tio n . He was 
ab le  to  show th a t  th e  accuracy o f t h i s  photom etric  c l a s s i f i c a t io n  compares 
fav o u rab ly  w ith d i r e c t  s p e c t r a l  c l a s s i f i c a t i o n .  This procedure is  r e s t r i c t e d  
to  e a r ly  ty p e  s ta r s  because, as we can see from F igure  2 , both Q and the  
co lo u r d if f e r e n c e  become m u ltiv a lu ed  fo r  th e  s t a r s  of l a t e r  ty p e . In  th e  
p re se n t s tu d y , because o f th e  r e l a t i v e  nearness o f the  Coalsack we wish to  
extend th e  a p p lic a t io n  o f B ecker’s method to  th e  le s s  luminous dw arfs to  
o b ta in  co lo u r d a ta  fo r  s ta r s  .lust behind and in  f r o n t  o f th e  nebu la . For 
t h i s  reaso n  th e  co lou r d if f e r e n c e  diagram  i s  analysed  g ra p h ic a lly  r a th e r  
th an  by means o f th e  Johnson Q,

Figure A
The colour-luminosity diagram on the UBV system. The 
ordinate is the absolute visual magnitude and abscissa is the 
colour index B-V. My is taken from Morgan and Keenan (loc. cit.) 
for a given spectral type for which Johnson’s photometry gives 
the intrinsic B-V colour.
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FIGURE 4
COLOUR LUMINOSITY DIAGRAM FOR THE LUMINOSITY CLASSES
I  b, HI AND ¥
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9 th  and 12th  m agnitude s t a r s  a re  shown in  F ig u res  5 and 6 r e s p e c t iv e ly .
From F ig u re  5 we see  t h a t  fo r  s ta r s  o f th e  9 th  apparen t 
m agnitude, a l l  th e  g ia n ts  l i e  behind th e  model C oalsack. However fo r  
th e  dw arfs, th o se  l a t e r  th an  F5 a re  unreddened by th e  C oalsack, th e  
redden ing  in c re a s in g  as we proceed  to  s t a r s  o f e a r l i e r  type  which a re  
more luminous and hence more d i s t a n t .  The r e s u l t in g  d is c o n t in u ity  
which re p re s e n ts  th e  Coalsack may, in  p r in c ip le ,  be used to  e s tim a te  th e  
d is ta n c e  and th ic k n e ss  o f  th e  n ebu la . For th e  12th m agnitude s t a r s  o f  
F ig u re  6 th e  d is c o n t in u i ty  o f  th e  dw arf sequences covers a la r g e r  range 
o f s p e c t r a l  ty p e  th an  in  F ig u re  5 because o f th e  more ra p id  v a r ia t io n  
o f  a b so lu te  m agnitude w ith co lo u r index f o r  th e  l a t e  type  main sequence 
s t a r s .
As we have shown, i n t e r s t e l l a r  a b so rp tio n  w i l l  d i s t o r t  th e  
CD diagram  f o r  s ta r s  in  a  g iven  in te r v a l  o f  ap p aren t m agnitude, th e  form 
o f  th e  d i s to r t i o n  depending on th e  d i s t r ib u t io n  o f absorb ing  m a tte r . 
Conversely from th e  d i s to r t io n s  we should be a b le  to  determ ine th e  
i n t e r s t e l l a r  a b so rp tio n  as a  fu n c tio n  o f d is ta n c e  f o r  each in te r v a l  
o f  apparen t m agnitude. The d e te rm in a tio n s  from each magnitude in te r v a l  
must o f co u rse  be in te r n a l ly  c o n s is te n t  in  th a t  th e  a b so rp tio n  be a  s in g le  
valued fu n c tio n  which in c re a se s  m onoton ica lly  w ith  d is ta n c e . For any s t a r  
l y ing a t  a p o in t in  th e  diagram  where th e  dw arf and g ia n t  sequences 
in te r s e c t ,  c l a s s i f i c a t i o n  a m b ig u itie s  w i l l  a r i s e j  in  F igu re  5 f o r  example,
FIGURE 5
COLOUR DIFFERENCE DIAGRAM 
FOR 9 " MAGNITUDE STARS
REDDENING FROM ABSORPTION MODEL IN FIGURE 3
DISCONTINUITY REPRESENTING COALSACK
0 4 -
- 0  2 -
Figure 6
The colour difference diagram for stars V = 12. The
reddening is taken from the model of Figure 3 adopting the ratio 
= 4.0.
I(A-a)-(a-n)
at (B-V) = + 1.40 and (U-B) -(B-V) = -0.20 the spectral types K 7 J  
and K1 III are indistinguishable. However, in the determination of 
absorption it is the shape and position of the sequences which are of 
importance.
Thus if, for example, we obtained through observation the 
CD diagram shown in Figure 6 we could firstly identify the apurouriate 
luminosity class for each sequence and then, by comparison with the 
intrinsic CD diagram, derive the absorption for stars of various 
absolute magnitudes and hence, distance moduli. Clues which aid in 
the identification of luminosity class are manifold; the primary one 
is of course the position of the sequence but others include the relative 
number of stars and the amount -by which a sequence is displaced by reddening.
In the preceding discussion we have not taken into account the 
effects of dispersion in the various quantities considered. Such effects 
as the scatter in absolute magnitude xdthin a luminosity class for stars 
of a given colour and the scatter in the intrinsic colours may introduce 
errors in addition to those of measurement and reduction. Further it 
should be noted that we must deal with stars in a finite interval of 
apparent magnitude. Vie will discuss these effects in more detail in 
section 4.1 which deals with interpretation of results.
3 . The O bservations
3 .1  The P h o to e le c tr ic  sequence.
Seven reg io n s  in  th e  C oalsack were s e le c te d  fo r  d e ta i le d  s tu d y . 
Regions I  and V in c lu d e  th e  two n u c le i  o f  a b so rp tio n  in  th e  n o rth e rn  
and so u th ern  p a r ts  o f th e  nebu la  which were m entioned in  th e  In tro d u c tio n , 
w hile  Region V II co n ta in s  th e  s t a r  HDE 311999* th e  c e n tre  o f L indsay’ s 
n e b u lo s i ty . The reg io n s  were chosen so th a t  each was as uniform  as 
p o s s ib le  in  a b so rp tio n  bu t so t h a t  they  covered th e  com plete range in  
o b scu ra tio n  observed in  th e  C oalsack . However, th e  cho ice  of reg io n s  
invo lves a compromise between u n ifo rm ity  o f a b so rp tio n  and th e  need to  
in c lu d e  s u f f i c i e n t  s ta r s  to  d e l in e a te  th e  s p e c t r a l  sequences in  th e  CD 
diagram : th e  reg io n s  s e le c te d  range in  a re a  from one to  two square  d eg rees . 
The accompanying p r in t s ,  P la te s  1 and 2 , from 103a -  0 p la te s  o f  th e  Coalsack 
show th e  l im i t s  o f each re g io n . The approxim ate co o rd in a te s  o f  c e n tre s  o f 
th e  reg io n s  and th e  number, N, o f s t a r s  measizred in  each a re  as fo llo w s :
Region R .A .(1900) D ec .(1900) 1 b N
h m 0 ' 0 0
I 12 51.5 - 6 l  8 271.1 +0.8 69
I I 12 36.1 -6 0  48 269.6 +1.1 119
I I I 12 4 9 .1 -62 33 271.0 -0 .5 273
IV 12 34.6 -62 10 269.3 -0 .2 220
V 12 33.3 -6 3  20 269.3 -1 .3 63
VI 12 43 .1 -6 4  8 270.1 - 2 .1 137
V II 12 45 .0 -6 1  18 270.6 +0.6 179
Plate 1
The seven measured regions in the Goalsack.
The print is of a blue, 103a-0, plate taken with 
the Zeiss camera, exposure 20 minutes. The two bright stars 
are oi and ß  Crucis.
oOOo'
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Plate 2
The region of the HDE plate of the Coalsack. 
print is from a blue IIa-0 plate taken with the 50-65 
Uppsala Schmidt at Mount Stromlo, exposure 15 minutes
This
cm.
-oOOo-

The observational programme consisted of determinations of the 
magnitudes in three colours of 1060 stars in the seven regions. This 
work was done photographically, the actual measurements being made in 
a Haffner type iris diaphragm photometer (l). All measurements were 
referred to a photoelectrically determined standard sequence in the 
centre of the nebula.
The photoelectric observations were carried out on nine nights 
during the period April-July, 1956 and on three nights in March, 1957. 
Three of the 1956 and all the 1957 nights were photometrically excellent, 
and comparisons at equal altitudes were made with the Harvard standard 
region E6 and with Johnson's equatorial UBV standards. The photometric 
equipment was the same as that iised by Gascoigne (2). The photometer was 
mounted at the Cassegrain focus of the 30" Reynolds Telescope, all the 
optical surfaces of which are aluminised. The photometer is a Lick 
Observatory, 1952, f/18 type with RCA IP-21 photomultiplier. A feature 
of the photometer head is a focal plane aperture slide which allows rapid 
transfer of exposure from star to sky without the necessity of altering 
the position of the telescope. For photometry of the faintest stars of
(1) Haffner, H. : Nachr. d. Akad. d. Wiss. z. Gottingen Math. Phys, 1953
(2) Gascoigne, S.C.B. : M.N., 116, 570, 1956.
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the sequence the photomultiplier tube was refrigerated in solid carbon 
dioxide. The output of the IP-21 is fed into a D.C. amplifier of the 
Kron type, constructed at Mount Stromlo. The amplifier has a coarse 
and fine sensitivity attenuation range. The coarse range gives 
attenuation in steps of 2.5 magnitudes and is changed by switching the 
imput grid resistor; the fine sensitivity can be altered in steps of 0.5 
magnitudes, the complete range being 8.5 magnitudes. Stability in the 
five half magnitude steps is achieved by the use of aged wire-wound 
resistors. The amplifier output is then fed to a Brown recorder with 
moving chart. The photometer and amplifier are shown in Plate 4. Both 
the linearity of the recorder response and the constancy of the attenuation 
ranges of the amnlifier were checked regularly. The recorder was found 
consistently to have a linear response within an accuracy of 0.5$ of 
full scale deflection and the deviations of the fine sensitivity scale 
from the nominal 0.5 magnitude values were determined with an accuracy of 
0.006 magnitudes. The over-all sensitivity of the photometer-amplifier 
equipment was monitored at regular intervals throughout the night by 
exposing a radium sourse to the photomultiplier. Linear corrections 
for the variation in sensitivity between the times of these exposures were 
made to the values of the tracing deflection. The usual observing technique 
was to centre the star in the focal plane aperture and expose the 
photomultiplier to star and sky alternately in each colour for 30 seconds.
»mmw 
, »■■■■
8.S555!
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The f i l t e r s  were u sed  in  th e  o rd e r ye llo w , b lu e , u l t r a v i o l e t  and 
r e tu r n  to  y e llo w . The r e p e t i t i o n  o f th e  ye llow  d e f le c t io n  enabled 
a check to  be made on bo th  th e  constancy  o f tra n sp a ren c y  and th e  
c e n te r in g  o f th e  s t a r  d u rin g  th e  o b se rv a tio n , A f o c a l  p lane a p e r tu re  
o f d iam eter 26 seconds o f a rc  was used th roughou t; i t  was found t h a t  
v a r ia t io n  o f th e  s iz e  d u rin g  th e  n ig h t le d  to  in c o n s is te n t  r e s u l t s  
and o f cou rse  on no occasio n  d id  see in g  c o n d itio n s  r e q u ire  a  la r g e r  
a p e r tu re .
An e x t r a c t  o f th e  observ in g  book fo r  a  ty p ic a l  n ig h t i s  
g iven  on th e  fo llo w in g  page.
The f i r s t  column g ives th e  s id e r e a l  t im e , th e  second th e  name 
o f s t a r  or a r t i f i c i a l  s t a r  ( i t ) , th e  th i r d  th e  s e r i a l  number of th e  
f o c a l  p lane  a p e r tu re  (H3 corresponds to  a  d iam e ter of 26” ) ,  arkl th e  
fo u r th  th e  nom inal v a lu e  o f th e  co arse  and f in e  a tte n u a tio n s  
The name o f each s t a r  was marked on th e  Brown re c o rd e r  d u rin g  exposure . 
The th re e  f i l t e r s  and a r t i f i c i a l  s t a r  a re  mounted in  a  s l id e  in  th e  
photom eter seen  in  P la te  4; th e  f i l t e r s  a r e : -
U l t r a v io le t  -  2 mm Corning 9863
Blue 1 mm S c h o tt BG12+1 ram Chance 0Y10
2 mm Chance 014Yellow
The filters were used in the order yellow, blue, ultraviolet and 
return to yellow. The repetition of the yellow deflection enabled 
a check to be made on both the constancy of transparency and the 
centering of the star during the observation. A focal plane aperture 
of diameter 26 seconds of arc was used throughout; it was found that 
variation of the size during the night led to inconsistent results 
and of course on no occasion did seeing conditions require a larger 
aperture.
An extract of the observing book for a typical night is 
given on the following page.
The first column gives the sidereal time, the second the name 
of star or artificial star (i), the third the serial number of the 
focal plane aperture (H3 corresponds to a diameter of 26”), and the 
fourth the nominal value of the coarse and fine attenuations respectively. 
The name of each star was marked on the Brown recorder during exposure.
The three filters and artificial star are mounted in a slide in the 
photometer seen in Plate 4; the filters are:-
Ultraviolet - 2 mm Corning 9863
Blue - 1 mm Schott BG12+1 mm Chance 0Y10
Yellow 2 mm Chance 0Y4
“May 3/56 1335V ice c e l l  K2^ c lea r  n ight
1130 X H5 0 + 1355 GSG19 H2 0 + 0
1131 X H5 2f + 1 3427 CSC4 H3 2i  + 2i
1136 X H5 0 + 3J- U 2 i  + 0
1141 CSC2 H3 2t + 1-4- 1440 CSC5 H3 2g- + 0
U 2i + 0 1450 CSC3 H3 2i  + i
1158 GSC4 H3 B 2i + * 1456 X H5 0 + 3k
U,V 2i + 0 1459 X H5 2-k + 1
1206 CSC6 H3 0 + 2 1515 GSC9 H3 0 + 1
1213 H3 U 0 + 1 1615 X H5 0 + 3£
1220 X H5 0 + 34- 1630 E6/40 H3 2-g- + 3g"
2i + 1 1634 1S6/33 H3 2t  + 2i
1222 X H5 0 + 34- 1642 £ 6 /A H3 2t  + 3
1230 GSG13 H3 0 1646 E6/D H3 2# + 2
TJ 0 + 0 1710 GSC4 H3 2i  4 i
1248 GSG16 H3 0 + 0L 1723 CSC3 H3 2i  + 2
1306 CSC12 H3 0 + 0L 1735 110432 H3 2 i  + *
1310 GSC14 H3 0 + 0L 1745 110433 H3 0 + 2-g-
1319 GSG4 H3 2i + £ 1805 X H5 0 +
U 2i + 0
1321 X H5 0 + 34- Good nightj cloud low in west*
1330 GSG17 H3 0 + 0L
1333 GSC15 H3 0 + 0L
1340
*
Yellow reptd. Star in
sky posn, separate sk y .n
________ _ ________ L
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The filters are chosen so that with the IP-21 cell and 
aluiminised optics, e close approximation to the Johnson system is 
obtained. The Corning and Schott filters are those recommended by 
Johjison and the Chance 0Y10 is similar to the Schott GG13 in not 
transmitting radiation shorter than 3900A. Although the yellow filter 
gives a visual magnitude system which at A eff =5,300A is slightly to 
the blue of IPv, little difficulty is expected in transforming to the 
UBV system as we are dealing with a spectral region in which the 
gradient is linear over a large range of spectral types. The ultraviolet 
filter transmits also in the infra-red. The necessary correction to the 
U magnitudes was measured by inserting a piece of Chance 0Y4 yellow filter 
in the optical path of the telescope. For the reddest stars observed 
this correction did not amount to more than 0.03 magnitudes.
In the reductions of the tracings the following procedure was 
adopted. The star deflections were measured from the tracings with a 
logarithmic scale and then corrected both for the sensitivity variation 
and for the sty background. The yellow deflection and the differences, 
yellow-blue and blue-ultraviolet were then transferred to the reduction 
sheet. The atmospheric extinction corrections were applied, and the 
resulting logarithmic values multiplied by 2.5 to reduce them to the 
Pogson magnitude scale. The yellow magnitude was adjusted to the V system
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by an a p p ro p r ia te  z e ro -p o in t and co lo u r c o r re c t io n  f o r  each n ig h t, 
de riv ed  from th e  s tan d a rd  s t a r s .  The co lo u rs  on th e  n a tu ra l  Reynolds 
system -were a lso  p lo t te d  a g a in s t  B-V and U-B fo r  th e  s tan d ard  s t a r s .
From th e se  p lo ts  th e  U-B and B-V co lo u rs  o f th e  observed s ta r s  were 
read . The v a lu e s  f o r  average e x t in c t io n  used were tak en  from th e  
work o f Gascoigne ( lo c .  c i t . ) ;  th ey  were
k^ = O ^ lB /u n i t  atm osphere 
kb = 0 .3 7  -  0 .10  (B -V )/un it atm osphere 
and k^ = 0 .52  -  0 .10  (B -V )/u n it atm osphere 
The d i f f e r e n t i a ]  e x t in c t io n  c o rre c tio n s  d id  no t exceed 0*06 
m agnitudes in  any o f  th e  o b se rv a tio n s  used fo r  d e te rm in a tio n  o f th e  
f i n a l  v a lu e s .
As some s tan d a rd s  o f V and B-V were tak en  from Harvard S tandard  
Region E6, tra n s fo rm a tio n s  from th e  Cape Southern  Fhotometry to  th e  
Johnson system  were re q u ire d . These were k in d ly  su p p lied  by Dr. A.W. 
Cousins. The b e s t  l in e a r  eq u a tio n s  o f tra n s fo rm a tio n  a re  
V = SPv + 0 .09  SCI -  0.06
and B-V = 0.865 SCI + 0 .276 , where SPv and SCI a re  th e  
v is u a l  m agnitude and co lo u r index  d efin ed  in  Cape Mimeogram, No.3 , 1953.
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Johnson 's  s tan d a rd  s t a r s  were taken  from h is  11 Fundamental Photom etry” 
( lo c .  c i t . ) .  Because most o f them a re  very  b r ig h t ,  th ey  were observed 
w ith  c e l l  u n re f r ig e ra te d  and w ith a lower dynode p o te n t ia l  o f about 
75 v o l t s / s ta g e .
The s tan d a rd  s ta r s  and t h e i r  m agnitudes, co lo u rs  and s p e c t r a l  
types a re  g iven  in  th e  fo llow ing  ta b le .
TABUS 1
STAK V B-V U-B Sd.T . (MK/HDl
iü6-A 6.06 +0.49 F8
D 7.35 -0 .0 1 Ao
33 6 .SO +1.17 Ko
40 5.51 +1.51 K2
V ir 4 .26 +0,10 +0.12 A3 V
61 V ir 4 .74 +0.70 +0.26 G6V
P Lib 2 .61 -0 .1 1 -0 .3 7 B8V
ß  Oph 2.78 +1.16 +1.24 K 2III
^  Oph 3.72 +0.04 +0.06 AoV
Gin 2322 7.54 +1.36 +1.27 K7V
€ Aqr 3 .77 +0.02 +0.06 A1V
Hya 4 .31 -0 .2 0 -0 .7 4 B3V
Cin 1633 8.49 +1.41 + 1 .27 M0.5V
HR 3314 3.39 -0 .0 1 0 .00 AoV
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The r e la t io n s  o f th e  B-V and U-B co lo u rs  to  th e  a p p ro p ria te  
Reynolds n a tu r a l  co lou r system a re  shown in  F ig u res  7a and 7b. I t
was u n fo r tu n a te ly  necessary  to  u se  a  second IP-21 p h o to c e ll  fo r  
o b se rv a tio n s  a f t e r  May 2 0 th , 1956. The u l t r a v io le t - b lu e  responses o f 
th e  two c e l l s  were id e n t ic a l  bu t th e  r e l a t io n  between th e  yellow  and 
b lue s e n s i t i v i t i e s  was a l te r e d  by a c o n stan t 0 .10  magnitude over th e  
whole co lo u r range observed. The b e s t l in e a r  equations between th e  
Reynolds n a tu r a l  system and th e  UBV system were found to  be 
V = VHey + 0 .73  -0 .033  CRey;
B-V = 0 .96  Gpey + a co n stan t which is  dependent 
on th e  c e l l  used
and U-B = 1.09 (B-U) -1 .4 9 .
Rey
given
The f i n a l  
in  Table 2 .
values o f V, B-V and U-B 
TABLE 2
fo r  th e sequence s ta r s a re
S ta r HD/HDE V B-V U-B Sn.T.(HD) n
1 I I I 464 6.62 +1.39 +1.37 Ko 7
2 111174 8.08 +0.39 +0 .25 A2 9
3 111024 9.00 +0.19 -O.25 B8 5
4 111124 9.30 +O.64 -0 .4 1 Bo 10
5 111557 9 .57 +0.52 +0.08 F5 6
6 111125 9 .8 1 +0.10 -0 .4 5 B8 4
7 111091 10.38 +0.28 +0.16 Ao 4
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S ta r HD/HDS V B-V U-B S d .T .(H D } n
8 10 .61 +0.93 -0 .0 5 6
9 312050 11.05 +0.25 +0.02 Ao 4
1 0 11.25 1.61 +0.91 3
11 311888 11.76 +0.59 +0.20 A: 5
12 12.40 +1.57 +1.49 6
13 12.43 +0.42 +0.10 8
14 12.64 +0.50 +0.22 8
15 13.02 +1.23 +1.08 5
16 13.05 +0.73 +0.27 4
17 13.10 +0 .6 3 +0.23 5
IS 13.44 +1.09 +0.16 2
19 14.33 +0.76 +0.59 3
The column (n) g ives th e  number o f  n ig h ts on which each s t a r  was observed .
From th e  in te rn a l  and n ig h t to  n ig h t c o n s is te n cy  o f th e  r e s u l t s  th e
extim ated mean e r ro rs  fo r  a s t a r  observed on fo u r  n ig h ts  a re  ± 0 . 016 ,
± 0.011 and i  0.020 fo r  V, B-V and U-B re s p e c t iv e ly . Two b r ig h t  B s t a r s
in  Region IV were a lso  observed p h o to e le c t r ic a l ly ;  th e se  s ta r s  a r e : -
HD S p .T . V B-V U-B e b- v AV
110432 B1 5.37 +0.13 -0 .7 0 0.42 1.3
110433 B8 9 .0 7 +0.21 -0 .3 2 0 .37 1 .1
The co lou r excesses were determ ined  w ith re s p e c t  to  th e  i n t r i n s i c  c o lo u r 
l in e  fo r  B s t a r s  as shown in  F ig u re  2 .
3*2 The Photographic O bserva tions,
The Goalsack reg io n s  were observed p h o to g ra p h ic a lly  du rin g  th e  
p e rio d s  of June -  August 1955, Ju ly  195b and February  -  A p ril 1957*
P la te s  were tak en  w ith th e  5W a p e r tu re  26n fo c a l  le n g th  Zeiss camera 
a tta ch ed  to  th e  9" Oddie r e f r a c to r  a t  Mount S trom lo and, d u ring  1957, 
w ith a 50-65 cm f3*5 Schmidt camera of th e  Mount Strom lo S ta t io n  o f th e  
U n iv e rs ity  o f Uppsala* This instrum ent was assem bled a t  Mount Strom lo 
l a t e  in  1956 and was a v a ila b le  u n t i l  th e  a r r iv a l  o f th e  U ppsala O bserver 
some months l a t e r .  The o p t ic a l  adjustm ent and p re lim in a ry  t e s t s  were 
c a r r ie d  out by th e  au tho r who was then  ab le  to  ta k e  a number o f p la te s  
to  supplem ent and extend th e  photographic m a te r ia l  ob ta ined  w ith  th e  
Zeiss camera.
A fte r p re lim in a ry  t e s t s  w ith th e  Zeiss camera i t  was decided  to  
diaphragm th e  t r i p l e t  o b je c t iv e  to  4” in  o rd e r to  in c re a se  th e  f i e l d  in  
which pho tom etric  c o rre c t io n s  a re  n e g lig ib le . The f i l t e r s  used a re  7*5 cms 
square and th e  t o t a l  f i e ld  on each p la te  i s  43*4 square  d eg rees . The 
p la te  f i l t e r  com binations fo r  th e  th re e  co lou r photography with th e  Z eiss 
camera w ere :-
Red -  Kodak 103 a-E + 2mm red np le x ig la s " .  The c e n tre  o f  th e  
f i l t e r  tra n sm itta n c e  -  p la te  response  curve i s  a t  6,400A*
Blue -  Kodak 103 a-0  + 2mm Chance 0Y10. This p e ice  o f 0Y10 has 
a tra n sm itta n c e  o f 1*2% a t  3,S50A. The response  curve 
i s  cen tred  a t  4 ,300A*
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Ultraviolet - Kodak 103 a-0 + 2mm Chance 0X1* The response 
is limited on the short wavelength side by the 
object glass of the camera and, to a lesser 
degree, by the emulsion characteristics. The 
response curve is centred at 3>700A and has a 
half-width of 260A*
Prior to the commencement of the present study, extensive tests 
of the photometry were carried out using standard regions. For this 
purpose in-focus images obtained with the Zeiss triplet were measured 
in the iris-diaphragm photometer. Three facts emerged from this work:
(a) symmetrical field corrections were negligible over a central field 
two degrees in diameter, (b) without regular adjustment, perpendicularity 
of the plate holder to the optical axis was lost, introducing asymmetric- 
field errors as high as 0.15 magnitudes and (c), with the camera in 
adjustment (and this was regularly checked following (b)), the final 
error of a measurement of a single star from a single good quality plate 
was found to be i 0.035 magnitudes, independent of the colour. The 
exposure times of the Zeiss camera plates were:-
B i l l  8 -  20 m inu tes, g iv ing  a l im it in g  m agnitude, B = 15 .5 ,
R o rl  _  1 (f-i-trn r>rf o ~\ -itn-i t  i  ncr m n crn i+ .n r lfi \T  =  "1 . 1
i W W U  ^  «*. A A V W U . y  g j . «  KA, ^  * *“*'“ " 'O ' “"*“1" — y  -  — ✓  w  *
and U l t r a v io le t  -  2 h o u rs , g iv ing  a l im it in g  m agnitude, U = 14*6. The 
p la te s  were p rocessed  in  th e  fo llow ing  manner; 5 m inutes o f random 
a g i ta t io n  in  D19 dev e lo p er a t  63°F, f ix ed  in  hypo and ac id  hardener 
and fix ed  a second tim e in  hypo s o lu tio n  a lone  to  ensure permanency*
The method o f tan k  development with a g i ta t io n  was used a f t e r  c o n su lta tio n  
with Dr. G. de V aucouleurs.
The second m ajor p a r t  o f th e  pho tograph ic  o b serv a tio n s  c o n s is te d  
o f o b ta in in g  p la te s  in  th re e  co lo u rs  w ith th e  U ppsala Schm idt. These 
p la te s  have a f i e l d  o f fo u r degrees square and a s c a le  o f 2 m inutes o f  
arc/mm. The p l a t e - f i l t e r  com binations and exposure tim es used were as 
fo llow s:
Blue -  Kodak I I  a-0 + 2mm S c h o tt GG13, 15 and 30 m inute 
exposures. The p l a t e - f i l t e r  com bination is  th a t  
recommended by Johnson fo r  th e  d e te rm in a tio n  o f B 
photographic m agnitudes.
Red -  Kodak 103 a-E + 2mm red  p le x ig la s  w ith  3 , 10 and 
30 minute exposures.
U l t r a v io le t  -  Kodak 103 a -0  + 2mm Chance 0X1, 60 minute
exposures. The c o r r e c t in g  p la te  i s  o f UV g la ss  and 
th e  m irro r i s  a lu m in ised .
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The Uppsala p la te s  were developed in  Kodak T ro p ica l Developer p lu s  
A nti-Fog fo r  12 m inutes a t  68°F and fix e d  in  hypo and ac id  hardener*
The plates were centred at << = 12 44*5 ; $ = -61° 49' (1900)* This 
centre was chosen so that the Schmidt plates would cover the area of 
the Coalsack shown in the Henry Draper Extension chart l60, which 
includes regions I ,  I I ,  V II and parts of regions I I I  and IV.
A f u r th e r  s e r ie s  o f d i r e c t  p la te s  was tak en  in  an a ttem p t to  
d isco v e r sm all reg io n s  o f H 0 em ission  a d d i t io n a l  to  th o se  l i s t e d  in  
Gum's C atalogue o f Southern  H II reg io n s  ( lo c .  c i t . ) .  A gain  in  th e  
d e t e c t a b i l i t y  o f sm all HTI reg io n s  over Gum's 10 cm f l ; 0  Schmidt camera 
was expected w ith  th e  U ppsala in s tru m en t, (a) because of th e  l a r g e r  
s c a le  and th u s  le s s  confusion  w ith s t a r  images and (b) ,  because o f th e  
g re a te r  re so lv in g  power, th e  sm all high in te n s i ty  em ission peaks would 
be recorded  r a th e r  th an  be smeared out below th e  d e te c ta b le  l im i t  o f  
Gum's equipm ent. With th e  U ppsala Schmidt, th e  whole Coalsack re g io n  
was photographed in  s ix  o v erlap p in g  f i e ld s .  The exposure tim es were 90 
m inu tes, s u f f i c i e n t  to  show th e  n ig h t sky background. These p la te s  were 
compared w ith  b lue  p la te s  o f th e  same c e n tre s  b u t no n e b u lo s i t ie s  
a d d it io n a l  to  th o se  l i s t e d  in  Gum's C atalogue were d isco v e red .
The d e te rm in a tio n  o f th e  f i e ld  c o r re c t io n s  fo r  each camera in  
th e  th re e  co lo u rs  was c a r r ie d  ou t in  th e  fo llo w in g  manner. Double 
exposures were made w ith th e  Coalsack p h o to e le c tr ic  sequence f i r s t  in
the plate centre (exposure A) and then at a given distance from the 
centre along the right ascension and declination plate axes (exposure B). 
In order to eliminate pre-exposure effects, a second plate with the 
same centres hut with the order of exposure reversed, i. e. BA, was then 
taken. Such plate pairs AB, BA were obtained for the four directions, 
north, south, east and west, the various distances from the centre 
being 0°.5, 1°.0 and 1°.5 for the Schmidt and 0°.5, 1°.0 and 2°,0 for 
the Zeiss camera. Three minute exposures were used for all plates. 
Processing was delayed 24 hours in order that the post-exposure effects 
be minimised and care was taken that each plats pair was similarly and 
simultaneously processed.
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3 .3  P la te  Measurements and R eductions.
The th re e  co lo u r programme and f i e l d  c o r re c t io n  p la te s  were 
measured in  th e  H affner I r is -P h o to m e te r. Each p la te  was measured once
only  as i t  was found th a t  th e  e r ro r  o f a s in g le  measurement corresponded
nrt rn
to  0 .014 , le s s  th an  th e  mean d if f e r e n c e  0 .0 4 , between two good q u a l i ty
p la te s .  However th i s  measurement e r ro r  i s  q u i te  ap p re c ia b le  and v a rio u s  
t e s t s  made in  an e f f o r t  to  reduce  i t  to  below 0*01 m agnitudes showed 
th a t  ( a ) ,  s t a b i l i z a t i o n  o f th e  power supply to  th e  photom eter e lim in a ted  
day to  day d r i f t s  in  th e  in te n s i ty  o f th e  re fe re n c e  l i g h t  beam and 
( b ) ,  maximum re d u c tio n  o f th e  p ro je c te d  i r i s  d iam e te r with re s p e c t to  
th e  s t e l l a r  images led  to  an in c reased  dependence o f th e  i r i s  s e t t in g  
on m agnitude. Tnus as a r e s u l t  o f tn e se  t e s t s  an improvement in  th e  
accuracy  o f th e  measured m agnitudes was o b ta in ed .
On th e  Zeiss p la te s  s t a r s  were measured in  a l l  seven re g io n s , 
th e  numbers o f s ta r s  rang ing  from 63 in  re g io n  V to  273 in  re g io n  II I*
The p h o to e le c tr ic  sequence s t a r s  were measured a t  th e  beginning and end 
o f th e  measurement o f each re g io n , o r a t  l e a s t  once each day, whichever 
was th e  more f re q u e n t. Measurements on th e  U ppsala p la te s  were r e s t r i c t e d  
to  s t a r s  which were both in  th e  reg io n s  and on th e  HDE c h a r t of the
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Coals ack. These HDE stars were thus measured on both sets of plates 
(a), ixi order to check the colour systems of the Zeiss photometry 
and (b), to compare the results of the three colour photometry with 
the spectral types given in the Henry Draper Extension, Considerable 
care was taken to maintain the uniformity of the photographic measures; 
iris settings were frequently made on the sequence stars to check against 
drifts of the comparison beam and sample stars in each region were 
measured together with the sequence at the conclusion of the main body 
of measurements.
Upon completion of the photographic measurements calibration 
curves were constructed for the ultraviolet, blue and red measures of 
the sequence stars, the iris photometer reading being plotted against 
TJ, B and V respectively, In the case of the U and B magnitudes the 
deviation of the plotted points from a smooth curve was independent 
of the (B-V) or (U-B) colours of the stars and was no larger than the 
expected error. As the effective wavelength of Johnson1s V is 
approximately 5&00A and that of the photored magnitude as determined 
from the plate filter response is 64OOA, considerable colour effects 
were expected for this calibration curve. Thus it was necessary to 
compute a red magnitude based on the photoelectric V and (B-V) values
-6l-
and having the same effective wavelength as the photored system. The 
red and infra-red photoelectric measures of Kron and Smith (1) provide 
justification for the use of a linear extrapolation over the range 
5600-6400A. Thus we may write the derived photoelectric magnitude 
(A ) in the form
VR (A) = v - a(A). (B-V),
where a ( A ) is a function of the effective wavelengths of VR (A )> V and 
B. Talcing these to be 64OO, 5600 and 4300A respectively the above 
equation becomes
Vp = V - 0.51 (B-V)e
In practice, a series of magnitude systems with values of a ( A ) 
equal to 0.30, 0.35, ..., 0.51, 0.70, were formed and plotted
against the red iris readings. The best values of a(A), yielding 
magnitudes V-^  which showed no colour effects in the calibration curve, 
were 0.51 for the Zeiss and 0.60 for the Uppsala plates. Accordingly the 
magnitudes = V-0.51 (B-V) and = V-0.60 (B-V) were formed for the 
reduction of the Zeiss and Uppsala plates respectively. Vp was 
determined for stars in each region and the quantity B-Vp formed* This
(l) Krön, G.E. and Smith, J.L. : Ap. J., 113. 324, 1951
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is related to (B-V) fay B-VR = 1.51 (B-V) for the Zeiss and B-VR =
1.60 (B-V) for the Schmidt plates; the Johnson V magnitude was then 
obtained from B and (B-V). In spite of the apparent advantage of 
increased accuracy in colours measured over a long wavelength base 
the author would, in any future study of this kind, make use of 
103a-D plates with a yellow filter such as Schott GG11 in the 
determination of the V magnitudes. In this way unknown luminosity 
effects and calibration troubles are avoided.
The corrections applied to the values U,B and V derived 
from the calibration curves were (a) differential extinction corrections 
and (b) field corrections dependent on the distance of a star from the 
centre of the plate. In no case did the differential extinction 
corrections exceed 0.02 magnitudes. For the determination of distance 
errors the sequence stars were measured on the series of plates taken 
for this purpose described in the previous section. The differences of 
the iris readings of the stars on each plate pair AB, BA yielded 
corrections to be applied as a function of distance from plate centre 
for the Zeiss and Uppsala cameras. The plate errors are plotted as a 
function of angular distance in Figures 8(a) and 8(b). Since the 
errors were identical for each of the three colours, the corrections were 
applied to the V magnitudes after the B-V and U-B colours had been
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F ig u re  8
The p la te  e r ro rs  in  th e  sense f i e ld  s t a r  minus sequence, 
p lo t te d  a g a in s t  angu lar d is ta n c e  from p la te  c e n tre  fo r  th e  Zeiss 
and U ppsala cam eras.
-0OO0-
ANGULAR DISTANCE
• Zeiss 
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reduced . I t  was found th a t  f o r  s t a r s  one o r more m agnitudes above 
th e  p la te  l im i t  th e  f i e ld  c o r re c t io n  was independent o f b r ig h tn e s s .
The mean c o r re c t io n s  taken  from F igu res 8(a) and 8(b) were ap p lied  
to  each re g io n  as a whole; th e  c o r re c t io n  was tak en  as corresponding  
to  th e  d is ta n c e  o f th e  re g io n  c e n tre  from th e  p h o to e le c tr ic  sequence.
The B-V co lo u rs  o b ta in ed  from th e  Z eiss and U ppsala p la te s ,  
p lo t te d  one a g a in s t th e  o th e r , a re  shown in  F ig u re  9 ( a ) .  The U-B 
co lo u rs  a re  s im ila r ly  shown in  F igure  9 (b ) .  I t  i s  seen  th a t  th e  
r e la t io n s  between th e se  co lo u r system s a re  n o n - lin e a r  fo r  th e  b lu e s t  
s ta r s  m easured. These s ta r s  a rc  reddened A s t a r s  which, as noted in  
C hapter 2 , show la rg e  d e v ia t io n s  from b lack  body in  th e  re g io n  of th e  
Balmer l im i t .  Thus i t  i s  suggested  th a t  th e  n o n - l in e a r i ty  i s  due to  
d i f f e r e n t  f i l t e r s  in  th e  Z eiss and Uppsala o b se rv a tio n s  o f th e  B 
m agnitudes. The chance 0Y10 f i l t e r  tra n sm its  a g re a te r  p ro p o rtio n  of 
v io le t  l i g h t  th an  does th e  S c h o tt GG13 f i l t e r  recommended by Johnson.
The Zeiss co lo u rs  were th e re fo re  reduced to  th e  U ppsala system usin g  
th e  tra n s fo rm a tio n s  shown in  F ig u res  9 (a ) and 9 (h ) .
Houck in  an unpublished  th e s i s  has d e sc rib e d  th re e  co lour 
p h o to e le c tr ic  o b se rv a tio n s  o f th e  OB a s s o c ia t io n  I  C rucis which i s  in  
p a r t  s i tu a te d  behind th e  C oalsack, a t  a d is ta n c e  o f 2 .2  k ilo p a rs e c s .
The d a ta  were secured by Houck w ith th e  Cape 2 4 -inch  r e f r a c to r  and th e  
60-inch  R o ck e fe lle r  te le sc o p e  a t  th e  Boyden O bservato ry . The pho tom etric
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Fifrure 9
The r e la t io n s h ip  between th e  U-B co lo u rs  ob ta ined  from th e  
Z eiss and U ppsala cam eras.
The r e la t io n s h ip  between th e  B-V co lo u rs  ob ta ined  from 
th e  Zeiss and Uppsala cam eras.
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system consists of a yellow magnitude My, a blue-yellow colour Cy.^  
having a known relation to the Stebbins Vhitford Cp colour system, 
and a colour which at present is unrelated to similar ultraviolet- 
blue systems such as Johnson's (U-B).
Direct comparison between Houck's results and the present 
work is difficult. The correction to be applied to My to reduce it 
to the international system is stated by Houck to be +0.1 magnitudes. 
Over a small range of intrinsic colour (Houck's work is confined to 
stars of spectral type B3 and earlier) the relation between Cy^ or Cp 
and (B-V) for reddened stars is predominantly determined by the amount 
of reddening. Further, as stated above is identical with the 
ultraviolet-blue colour established at the Gape by Stoy and Cousins 
and the difficulty of relating this to the UBV system is discussed in 
Section 2.2. Thus for stars observed both by Houck and the author it 
is most profitable to restrict comparison to the visual magnitudes and 
to the derived total visual absorption. In Table III are shown (l), 
the HD or HDE number, (2), the HD or MK spectral type, (3) and (5), 
the visual magnitude and absorption determined by Houck, (4) and (6), 
the visual magnitude and absorption determined by the author.
TABLE 3
S ta r
HD/HDE
S p .T . Mv V Ay (Houck) A v(R odgers)
110498 BO 9 .7 2 9 .4 8 1 .3 5 2 .4
IIO639 B l lb - I I 8 .45 8 .3 5 2 .7 3 .6
IIO 9 B4 BO IV 9 .0 0 8 .52 2 .1 5 2 .3
111124 B 9 .0 9 9 .3 0 2 .9 2 .9
112366 B2p 7 .5 7 7 .4 0 2 .7 3 .9
112953 B2 8 .93 8 .8 8 2 .9 2 .5
311815 B2 10 .87 10.72 1 .9 2 .2
312004 B5 10.95 10 .78 2 .4 3 .0
312002 B 11.63 11.50 2 .9 3 .1
312021 B 10.56 1 0 .47 3 .9 4 .2
312051 B 11.26 11 .48 2 .6 3 .0
312052 B 11.52 11 .58 1 .8 2 .4
312139 B 10 .77 1 0 .71 4 .1 4 .1
312174 B2 9 .8 4 9 .5 0 2 .9 3 .1
312258 B8 10.42 10.26 4 .5 4 .6
312259 B 10.52 10 .38 4 .3 4 .6
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The v is u a l  a b so rp tio n s  in  column 6 were d e riv ed  from th e  
(B-V), (U-B) co lo u rs  u s in g  th e  i n t r i n s i c  co lo u r l in e  adopted in  
F ig u re  2 f o r  th e  dwarf B s t a r s .  In  view o f th e  u n c e r ta in ty  in  th e  
i n t r i n s i c  co lo u rs  o f th e  h ig h e r lu m in o sity  B s t a r s  th e  agreement 
between columns 5 and 6 is  good; th e  mean d if f e r e n c e  can be e n t i r e ly  
accounted fo r  by th e  expected photographic  e r ro rs  and suggests th a t  
H ouck's observed and in t r i n s i c  co lo u rs  bear th e  same r e la t io n  to  
each o th e r as do th e  observed and in t r i n s i c  co lo u rs  o f th e  p re sen t 
s tu d y . A la rg e  d iscrepancy  o f 1 .2  e x is ts  fo r  HD112366 bu t th e  
spectrum  Is  l i s t e d  in  th e  HP ca ta lo g u e  as B2 p e c u l ia r  which may In d ic a te  
an abnormal in t r i n s i c  c o lo u r. More d is tu rb in g  a re  th e  d if fe re n c e s  
between th e  v is u a l  m agnitudes, columns 3 and 4* With th e  excep tion  
o f  HD 111124, s t a r  4 in  th e  p h o to e le c tr ic  sequence, th e  V m agnitudes a re
ni m
in  g en e ra l 0 .12  b r ig h te r  th an  Mv. However fo r  HD111124 V is  0 .21  f a i n t e r
th an  th e  Mv v a lu e . Using H ouck's c o r re c t io n  th i s  d if f e re n c e  i s  reduced 
m
to  0 .11  bu t t h i s  in c re a se s  th e  d if fe re n c e s  fo r  th e  p h o to g rap h ica lly
rrt
determ ined V m agnitudes to  0 .2 2 . Houck s ta t e s  t h a t  HD 111124 was 
observed on a s in g le  n ig h t .  In  th e  p re sen t work o b serv a tio n s  o f t h i s  
s t a r  were made on 17 occasions on 10 n igh ts*
The f i n a l  va lu es  o f V, B-V and U-B fo r  th e  HDE s ta r s  a re  g iven  
in  th e  Appendix, to g e th e r  w ith  th e  s p e c tra l  ty p e s . The pho tom etric  
va lues were ob ta ined  from th e  mean o f th e  reduced Z eiss and U ppsala p la te s .
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4. Results.
4.1 Interpretation of the Colour Difference Diagrams.
After reduction to the Uppsala colour system, it was decided 
to analyse the Zeiss measures separately, this analysis to serve as an 
example of results obtainable in a region where no spectral date are 
available. The stars measured on the Zeiss plates extend to the limiting 
magnitude V=14 but spectral types are known only to V=11.5; these stars 
are included in both the Zeiss and Uppsala measures. The combined 
photometric data and HDE spectral types for the brighter stars are then 
used as a check on the results derived from the Zeiss measures.
In each region stars were selected in intervals of apparent 
magnitude V, <9, 9-10, 10-11, 11-12, 12-13 and 13-14. In regions I and 
V this procedure was restricted because of the small number of stars 
brighter than V=9«0. In each interval the values of the colour difference, 
(U-B)-(B-V), were plotted against (B-V), the observed distribution of 
stars then defining the spectral sequences as described in section 2.3. 
However a variety of factors tend to reduce the amount of information 
obtainable from the observed CD diagrams as compared with the idealised 
cases shown in Figures 5 and 6. The first requirement is of course that 
the number of stars be sufficient to delineate the spectral sequences.
In the case of the Coalsack there are few dwarf stars of spectral type 
later than G5 and brighter than the thirteenth magnitude while late
- 72-
type  g ia n ts ,  a lthough common in  th e  magnitude in te r v a ls  b r ig h te r  th an  
V=12, a re  r a r e r  among th e  f a i n t e r  s t a r s .  The d i s t r ib u t io n  o f 
r e p re s e n ta t iv e  p o in ts  in  th e  CD diagram depends on th e  space 
d i s t r ib u t io n  and a b so rp tio n  in  th e  range o f d is ta n c e  covered by th e  
s ta r s  in  th e  a p p ro p ria te  m agnitude in te r v a l ,  and may be computed i f  
th e se  d a ta  a re  known. C onversely , th e  CD diagram s may be analysed , 
as has been done by Becker, to  g ive  th i s  b a sic  in fo rm atio n .
The width of th e  observed seo/uences i s  due to  (a) th e  
photom etric  e r r o r s ,  (b) th e  d is p e r s io n  in  lu m in o sity  o f s ta r s  w ith  
th e  same i n t r i n s i c  c o lo u rs , (c) th e  v a r ia t io n s  o f a b so rp tio n  over th e  
s o l id  ang le  under d is c u ss io n  and (d) th e  s e le c t io n  o f s ta r s  in  a f i n i t e  
magnitude in te r v a l .  In  e s tim a tin g  th e  im portance of th e se  f a c to r s ,  we 
r e c a l l  f i r s t  th a t  th e  p robab le  e r r o r  fo r  a s in g le  magnitude was found 
to  be 0 .04  m agnitudes (see  s e c t io n  3*2). The p robab le  e r ro r  o f a
rn rn
U-B co lou r i s  thus i  0.055 and o f a B-V co lo u r 0 .0 5 5 /1 .5 , i . e .
0 .037 m agnitudes, g iv ing  a p .e .  fo r  a co lou r d if f e r e n c e ,  ( (U -B )-(B -V ^)/ 
1 .5 ) o f 0 .0 7  m agnitudes. The f a c to r  1 .5  a r is e s  from th e  longer b a se lin e  
o f th e  observed (B-V^) compared w ith th e  d e riv ed  (B-V) co lo u r.
We may make an e s tim a te  o f th e  s c a t t e r  in  th e  i n t r in s ic  U-B 
and B-V co lo u rs  as given in  F ig u re  2 . A mean d is p e r s io n  o f 0.12 
m agnitudes in  th e  co lo u r d if f e r e n c e  fo r  a given B-V is  ev id en t from t h i s  
p lo t  o f Johnson’s l i s t  o f s ta n d a rd s . However th e  d is p e rs io n  reaches a 
maximum o f 0 .20  in  th e  s p e c t r a l  range F5-G5* This i s  in  p a r t  due to
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lum in o sity  e f f e c ts  and in  p a r t  to  i n t r in s ic  v a r ia t io n s  in  th e  m e ta ll ic  
l in e  i n t e n s i t i e s  in  th e se  s ta r s  which a f f e c t  th e  u l t r a v io l e t  
continuum*
The e f f e c t  on th e  CD diagram o f th e  d is p e r s io n  in  ab so lu te  
magnitude f o r  a given s p e c t r a l  ty p e  and lu m in o sity  c la s s  i s  dependent 
on th e  form o f th e  ab so rp tio n  -  d is ta n c e  r e l a t i o n  in  a given region*
For s ta r s  o f a given apparen t magnitude th i s  d is p e r s io n  in  lu m in o sity  
i s  eq u iv a len t to  a d is p e rs io n  in  d is ta n c e . O bviously in  a tra n s p a re n t  
re g io n  th e re  is  no e f f e c t  on th e  observed CD diagram : in  th e  o th e r  
extreme case  o f an absorb ing  sc reen , i t  may r e s u l t  in  s ta r s  of i»he 
same i n t r i n s i c  co lour being both behind and in  f r o n t  o f th e  sc reen , 
thus c o n sid e rab ly  a f fe c t in g  th e  ure s o lu t io n 11 o f th e  CD diagram . We 
w il l  i l l u s t r a t e  by co n sid e rin g  th e  e f f e c t  o f lu m in o sity  d isp e rs io n  
f o r  a g iven  s p e c tr a l  type  and lum inosity  c la s s  on a CD diagram of a 
reg io n  where th e  a b so rp tio n  fo llow s th e  model shown in  F igure  3. Taking
th e  d is p e r s io n  to  be 0 .5  m agnitudes fo r  th e  l a r g e s t  d is ta n c e  modulus
rn
in  F igu re  3 we fin d  a s c a t t e r  o f -  0 .06  along th e  B-V a x is . S im ila r  
to  th e  lu m in o sity  d isp e rs io n  e f f e c ts  are  th o se  due to  th e  s e le c t io n  of 
s t a r s  in  a f i n i t e  in te r v a l  o f apparen t m agnitude. In  th e  in te r v a l  8 .5  
to  9*5, say , th e re  w il l  be s t a r s  o f th e  same i n t r i n s i c  co lour and 
lu m in o sity  having apparen t m agnitudes a t  th e se  two extrem es. Two 
s ta r s  o f V=8.5 and 9 .5  w il l  d i f f e r  in  d is ta n c e  and hence reddening and
- 74-
w il l  th e re fo re  l i e  a t  two p o in ts  on th e  CD diagram on a l in e  having  
th e  s lo p e  o f  th e  reddening  lin e*  The component along th e  B-V ax is  
due to  t h i s  grouping g, may be computed u s in g  th e  reddening  model 
o f F igu re  3 . For th e  dw arfs o f in t r i n s i c  co lo u r
(B-V) = -0 .2 0 , i . e ,  Mv = -2 ,  g = 0.15
= 0 , i . e .  Mv = 0 ,  g = 0.06
= +0.20, i . e .  Mv = +2, g = 0.02
= +0.20, i . e .  Mv = +2, g = 0 .0  and f o r
th e  g ia n ts
(B-V) = +0.30, g = 0.06
= +1.20, g = 0 .15
These d isp e rs io n s  to g e th e r  w ith th e  unknown e f fe c ts  o f non 
u n ifo rm ity  o f a b so rp tio n  a c ro ss  o r along th e  l in e  o f s ig h t  s e v e re ly  
r e s t r i c t  th e  in fo rm ation  to  be ob ta ined  from th e  CD diagram s, e s p e c ia l ly  
where th e  numbers o f s ta r s  a re  l im ite d . Thus in  in te rp re t in g  th e  
observed CD diagram s th e  mean s p e c tr a l  sequences were drawn through 
th e  p lo t te d  s ta n s  w ith c o n s ta n t re fe re n c e  to  th e  i n t r i n s i c  CD diagram 
and such th a t  th e  d e riv ed  a b so rp tio n s  were no t allow ed to  d ec rea se  a t  
any v a lu e  o f th e  d is ta n c e  modulus. From th e  U ppsala p la te s  th e  v a lu es  
o f (U-B)-(B-V) fo r  th e  HDE s ta r s  in  each re g io n  were p lo tte d  a g a in s t  
(B-V). The s ta r s  were d iv id ed  in to  groups w ith V 9*0 and V 1 0 .0 .
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The HD s p e c tr a l  types -were marked on th e  CD diagram s in  th e  
a p p ro p ria te  p o s i t io n s .  With th e  a id  o f th e se  s p e c t r a l  types th e  
sequences were drawn and compared w ith th o se  in  th e  same magnitude 
in te rv a ls  based on th e  Zeiss m easures. The agreem ent between th e  
two s e ts  o f CD diagram s was e x c e lle n t and from th e  combined d a ta  
a b so rp tio n s  were de riv ed  as a fu n c tio n  o f d is ta n c e  fo r  th e  seven 
re g io n s .
The fo llow ing  procedure was used in  th e  re d u c tio n s  o f th e  
CD diagram s. Running v a lues o f th e  co lour B-V in  in te rv a ls  o f 0.05 
were l i s t e d .  On th e  i n t r i n s i c  CD diagram o rd in a te s  were drawn to  
meet th e  s p e c t r a l  sequence f o r  a given lum in o sity  c la s s .  From th e  
p o in ts  o f in te r s e c t io n  marked on th e  ooserved diagram , l in e s  a re  
drawn p a r a l l e l  to  th e  redden ing  l in e  to  meet th e  s p e c t r a l  sequence 
of th e  same lu m inosity  c la s s .  The va lues o f th e  corresponding  B-V 
of th e  observed sequences a re  noted.. The d if f e r e n c e  i s  th e  co lou r 
excess, d i r e c t ly  r e la te d  to  th e  ab so rp tio n , fo r  a given in t r in s ic  
co lour and lum inosity  c la s s .  Converting to  a b so lu te  magnitudes 
through F igure  4> we can* knowing th e  apparen t magnitude and ab so rp tio n
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derive the distance. The results set out in Table 4 were obtained 
by applying this procedure to the GD diagrams. The notation used 
is the following. 'The row (B-V)0 is the running value of the 
colour of the intrinsic GD diagrams. In each magnitude interval,
V = 9*5, 10.5, (B—V) is the colour index of the spectral
sequence in the observed GD diagrams and Av is the visual absorption, 
3x( (B-V)-(B-V)o). In the row marked Mv, the absolute visual magnitude 
is given where applicable for the luminosity classes lb, III and V.
The lower part of the table gives the corrected distance modulus 
derived from the above values listed for each magnitude interval.
* 7 *+
Table 4 , 
Region I «
( B - V ) n  - . 4 0 - . ^ 5 - , 3 0 - , 2 ? -t ,3Q - . 1 0
B-V + . 3 0 + . 2 3
V = 9 . 5
Av 1 . 3 1 . 0
B -V • 96
<J
i li _k o • vn
\ 3 . 5
B-V 1 . 2 8 0 . 9 8 . 3 8
v = 1 1 . 5
Av 4 . 6 3 A 1 mb
B-V
7  = 1 2 .5
Av
B-V 1 . 5 0 .6? . 8 7 .81
v  = 1 3 .5
Av 5 5 . 4 3 . 2 2 , 7
I I I  - 8 . 1 - 7 . 0 - 6 . 0 - 5 . 0 - 4 . 0 - 2 . 5
My
V - 7 . 0 - 5 . 4 - 3 . 8 - 2 . 7 - 1 . 6 - 1 . 3 - 0 . 6
V = 9 . 5  Mod 9 . 5 9 .1
7  = 1 0 .5  " 1 1 . 0
v  = 1 1 . 5  " 1 1 . 9 1 2 .1 . 1 0 . 7
7  = 1 2 .5  "
7  = 1 3 .5  " 1 4 .1 1 1 . 9 1 1 . 4
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T a b le  4 .
Region I ( c o n t in u e d )
(B-V)n -.0*5 0 + .0 9  .1 0 i l l  i »  ^
B-V + .2 7 + .36 + .4 2
V = 9 . 5  •
AV 1 .0 1.1 1.1
B-V
v = 10.5
B-V .51 . 5 5 . 6 8
C\j. .88
V = 1 1 . 5
Av 1 . 7 1 . 7 1 . 9 1 . 8 2 . 0
B-V . 9 0 .88 .9 0
V = 1 2 . 5
Av 2 . 7 2 ,3 2.1
B-V . 8 3 1 .12
V = 1 3 .5
2 . 5 3.1
“ v
I I I
V -0.1 +0 .3 + 0 .7 1.1 1 . 6  2 . 2
V = 9 . 5  Mod 8 . 6 8.1 7 . 7
V = 1 0 .5  '•
V = 1 1 .5  " 9 . 9 9 . 5 8 . 9 8 . 6 7 .3
V = 1 2 .5  " 9 . 5 9.1 8 . 2
V = 1 3 .5  " 1 0 .7 9 .3
i r
Table 4
Reftlon I (continued)
S 2 * ) 0
B-V
J O .40 .50
v -  9 .5
*v
B-V
V «  10.5
Ay
V -  11.5
B-V .95
*V 1.9
B-V .93 .97 1.07
V -  12.5
Ay 1.9 1.7 1.7
B-V
V -  13.5
Ay
* v
I I I
V 2.7 2.9 5.2 5.6 4.0
V »  9.5 Mod.
V «  10.5 N
v -  n . 5 » 6.9 6.8V *  12.5 It 7.9 7.6
v -  13.5 It ' ■
1.03
1.3
.60
4.6
4.6
T able V
(B-V),
V = 9.5
R egion  I (co n tin u e d )
.65 .70 .75 .80
B-V
AV
B-V
V = 10.5
B-v
V = 11.5
.85 .90 .95
B-V U03 « 1.2c
V = 12.5
AV 0.7 0.9
B-V
V = 13.5
Mv
Av
I I I
V 4.9 5.2 5.2 5.8 6.1 6.3
V = 9.5 Mod
V = 10.5 "
V = 11.5 "
V = 12.5 " 6.0 5.3
V = 13.5 "
&/.
T ab le  4 .
R eg io n  I  ( c o n t in u e d )
B-v
1 t 00 1 * 0 5
v  = 9 . 5
AV
B-V 1 .1 0 1 .1 5
v  = 10.5
AV 0 .3 0 .3
B-V
V = 1 1 .5
V
B-V 1 .1 0
v  = 1 2 .5
^V
B-V
V = 1 3 .5
h
I I I
V J ..................................................................................................................................... . ' .  . ' .
v v 6.8 7.0 7.1 7.5
1 .2 0  1 .2 5  1 ..30
7.8 8.0 8.1
V = 9.5 Mod
v = 10.5 " 3 .1*-
v = 11.5 "
V = 12.5 "
?  = 13.5 "
§ *< "
T a b le  4 .
R eg ion  I I •
0
.10
/-N>1CQ - , 3 5 - t 30 z * 2 5 .
+ .5 0
z * 2 0 Z s l l = *1 £
B-V + .2 5 + .2 0
V = 9.5
Av 2 .3V
1 .5 1 .2
B B-V .4 2 .4 2
v  = 10.5
\
2 .0 1 .9
B-V .5 2 .4 8 .4 2 .32 .2 7
v = 11.5
Av 2.5 2.2 1 .9 1 .4 1.1
B-V . . 6 8 .6 8 .6 7
V = 12.5
Av 2 .6 2 .5 2 .3
B-V 1.05 .89 .7 9
V = 13.5
4 .1 3 .4 3 .6
X II-8 .1 i • o -6 .0 - 5 .0 - 4 .0 - 2 .5 -2 .1
< <J i • o - 5 . 4 - 3 .8 - 2 .7 - 1 .6 -1 .3 - 0 .6
12 .2
V = 9.5 Mod 1 0 .7 9 .9
v = 10.5 " 11 .2 1 0 .8
<3
I
II u • 1 2 .8 1 2 .8 1 1 .8 1 1 .6 1 1 .0
V = 12.5 " 1 1 .5 11 .3 1 0 .8
v = 13.5 " 13.2 12 .8 1 2 .0
Table  4 .
^ 7 “
R egion I I  (c o n tin u e d )
(B-V)Q - . 0 5 0 + .0 5 .10 . 15' .20
B-V +.33
V = 9 . 5
Av 1.1
B-V . 2 8
v  = 10 .5
% 1.0
B-V .31 .46 .50
v = 1 1 . 5
Av 1.1 1.4 1.4
B-V . 6 2 .45 .47 .36 .34
V = 12.5
Av 2 . 0 1.4 1.3 0 . 8 0.4
B-V .80 .70 . 6 2 .6 1
v  = 1 3 . 5
* v
2 . 6 2.1 1.6 1.2
I I I
My
V - 0.1 +0.3 0.7 1.1 1.6 2.2
V = 9 .5  Mod 8 . 5
<l ii o • VJ
l s 9.6 9.8
<1 II _k • VJT
\
10.5 9.8 9.4 #
V = 12.5 " 10.6 10.8 10.5 10.6 9 . 9
v  = 13.5 " 11.0 11.1 10.8 10.1
Table 4.
8* .
Region II (continued)
(B- V )0
B-V
+.30 .35 .40 .45 .50 . 5 5 .60
V =  9 .5
A y
B-V
v = 10.5
AV
B-V +.49 • 50 .53 .70 .70
v = 11.5
AV 0 .4 0.3 0.2 0.6 0.3
B-V +.45
V = 1 2 . 5
A V 0 .5
B-V .68 .70 .85
<
1 II Lo • vn
\ 1.1 0 .9 1 .1 1.1
% V 2 .7 2 .9 3.2 3 .6 4 .0  4 .3 4 .6
V = 9 .5 Mod
V = 10.5 it
v = 11.5 it 8.2 8.0 7.7 6 .9 6.6
V = 12.5 it 9.3
V = 13.5 tt 9 .7 9 .4 8 .4
8 * .
( B - V ) 0  +0.65
B-V
Table b  (cont*d.)
Region I I
.70  .75 .80 .85 .90  .95
v = 9.5
Av
B-V
v = 10.5
Av
B-V +0.78
<1 it —fc •
Av
B-V
0.2
.90  .95
V = 12.5
Av
B-V 1.01
0 0
1.10 1.15
V = 13.5
Av 1*1 0.9 0.9
Mv V +4.9 5.2 5.5 5.8 6.1 6.3 6.6
V = 9*5 Mod.
v  = 10.5  "
v = 11.5  " 6.1
7  = 12.5 " 6.2 5.9
V = 13.5 H 7.5 6.8 6.5
a*.
Table (cont*
Region I I I
d .)
7 $*°
V
S
y /  .< V .
(B- v ) o - .4 0 - .3 5 - .3 0 - .2 5 - .2 0  - .1 5 - .1 0
B-V +.39 .35  .33 .30
V = 9 . 5
\
B-V +1.15 .89 .61 .40
v = 10.5
4 .4 3 .4 2 .2  1 .7
B-V .8 ? .72 .6 0  .42 .33
v = 11.5
\ 3 .5 2 .9 2 .4  1 .7 1.3
B-V 1.20 .90 .75  .65 .60
V = 1 2 . 5
\ r if. 5 3*5 2 .9  2.-4 2.1
B-V 100
.67
1.10
.61
V = 1 3 . 5
3 .9 3 .62 .8
3 .9
2 .4 2.1
My
111-8.1 
V -7 .0
-7 .0
-5 .4
-6 .0
-3 .8
-5 .0
- 2 .7
- 4 .0  -2 .5
- 1 .6  -1 .3 -0 .6
~V= 9 . 0 Mod 9 .8 8 .9  8 .9 8 .4
"v= 10.5 11 12.1 12.1 (1 1 .1 ) (1 0 .7 )
v = 11.5 11 ( 1 2 .9 ) 0 2 .6 ) (1 1 .9 ) 0 1 . 7 10.8
v = 12.5 « 14.0 14.0 13.6  12.6 11.0
V = 13.5 tt
13.4
14.9
13 .4
13 .4
12.7
12.0
8*
Table 4 (cont*d.) 
Region III
(b-v)0 -.05 o +.05 .10 .15 O(\j• .25
B-V 0.48 0.60
V = 9.0
Av 1.4 1.5
B-V
V = 10.5
AV
B-V
v =11.5
\
B-V 0.58 0.50 0.56 0.63
V = 12.5
Ay 1.9 1.5 1.4 1.3
B-V 0.62 0.65
V = 13.5
AV 2.0 2.0 0.7
My V -0.1 +0.3 1.1 1.6 2.2
V = 9.0 Mod 7.3 6.4
V = 10.5 "
V = 11.5 "
V = 12.5 " 10.7 10.7 10.0 9.0
V = 13.5 " 11.6 11.2
8 8 .
TABLE 4  ( o o n f d . ) 
EecioR I I I
i '—/ o +.30 .3 5 .40 .45 .5 0 .55 .6 0
B-V 0 .5 5
V = 9 .0
A
V
0 .3
B-V 0.69
?  = 10 .5
AV 0 .6
B-Y 0.56 0 .6 3
V = 11 .5
Av 0 .5 0 .4
B-V 0 .68 0 .73 0 .8 5
?  = 12 .5
\ 1.1 1 .0 1.1
B-V * .8 0 .8 0
V = 15 .5
\ 0 .9 0 .6
My Y +2.7 2 .9 3 .2 3 .6
4 .0 4 .3 4 .6
?  = 9 .0 Mod. 5.1
V = 10 .5 H 5 .9
?  = 11 .5 n 7 .8 7.1
V = 12 .5 N 8 .7 8 .3 7 .4
?  = 13 .5 »» 8 .6 8 .3
s ? .
TABLE 4. ( o o n t 'd .)  
Bcgion I I I
% o +0*65 .7 0 .7 5 .8 0  .85 .9 0
B-V +0 .9 0
V = 9 .0
\ 0 .3
B-V
?  = 10 .5
AT
B-V +0 .9 0
?  = 11.5
A▼ 0 .6
B-V
9  * 12 .5
A▼
B-V + .9 7 1.03 1 .0 9
?  = 1 5 .5
A▼ 0 .8 0 .7 0 .6
“ v
I I I
V 4 .9 5 .2 5 .5
+0 .7
5 .8  6 .1 6 .3
V = 9*0 Mod. 8 .0
?  = 10 .5 N
?  = 11 .5 1» 5 .7
?  = 12 .5 n
V = 13 .5 H 7*5 7 .0 6 .6
9 ö .
TABLE 4  (o o n t* d .)
o
%
-.40  -,35 -.30 -.25 -.20 -.15 -.10
B - v 0.35 0.20 0.18 .18
<a ii VD • O
A
T
B -V .35
CM. .20 .20 .21
7 = 10.5
A 2.0 1.4 1.2 1.1 0.9
B -V 1.27 1.17 .50 .38 .27
7 = 11.5
\ 4.8 4.3 2.1 1.6 1.1
B -V 1.36 CM
r-. .45 .31
7 = 12.5
\ 4.8 2.8 1.8 1.2
B-V *68 .43
7 = 13.5
A
V
2.8 1 .6
Ib -7.6 —6.8
Mv m - 8.1 - 7.0 •■6.0 - 5.0 -4.0 - 2.5
V - 7.0 -5.4 - 3.8 - 2.7 - 1.6 - 1.3 —0» 6
V = 9.0 Mod. 9.9 9.4 9.3 8.8
V * 10o5 t* 12.3 11.8 10.9 10.7 10.2
V * 11.5 N (13. 5) (13. 1) 11.0 11.2 11.0
? = 12.5 tt - (13. 7) 11.3 12.0 11.9
V = 13.5 H 13.4 12.5
94
T ab le  4 (con t*d)  
Region IV
(B-V)0 1 • O VJT 0 + .0 5  .1 0 .1 5 .2 0
B-V + .26 + .2 8
V = 9 . 0
0 . 9 0 . 8
B-V +.33 .3 0
v = 1 0 .5
Av 1.1 0 .9 0
B-V .2 7 .32 .4 6 .53
v  = 1 1 .5
Av 1 .0 1 .0 1.1 1 .0
B-V .3 6 .4 8 60 60
V = 1 2 .5
AV 1 .2 1 .4 1 .4 1 .2
B-V .3 5 .4 5 65 68
V = 1 3 .5
. \ 1 .2 1 .4 1 .7 1 .4
Mv V - . 1 + .3 . 7  1.1 1 . 6 2 . 2
V = 9 . 0  Mod 8 .2 7 . 9
V = 1 0 .5  " 9 . 5 9 .3
v = 1 1 . 5  " 1 0 .6 1 0 .2 9 .3 8 .3
V = 1 2 .5  " 1 1 .4 1 0 .8 9 . 9 9.1
v = 1 3 .5  " 1 2 .4 1 1 .8 1 0 .7 9 . 9
9 5 .
TABLE 4  (co n t*d . ) 
Region 17
0%
B-V
.30
«3
1 II vo . o
A
V
B-V
? = 10.5
AV
B-V +.61
v  = 11,5
AV 0.9
B-V .62
V = 12.5
Av 1.0
B-V •68
? = 13.5
AV 1.1
Mv V 2.7
V = 9.0 Mod,
V = 10.5 *»
f  = 11.5 n 7 .9
V = 12.5 n 8 .8
9.7
.40 .4-5 .50 .55 .60
+.40 +.45
0 0
.50 .54 .60
0.3 0.1 0
.80
0.6
.70 .75 .75
0.9 0.7 0.5
5.2 5.6 4.0 4.5 4.6
7.3 6.9
8.0 7.4 6.9
7.5
9.4 8.8 8*4V = 13.5
9 3 .
TABLE 4  (c o n tra .)  
Region IV
( b —v ) o .65 •70 .75 .80  .85 .90  .95
B-V
f  = 9.0
A* V
B-V
f  = 10.5
A
' '
V
B-V +.70 .80
?  = 11.5
\
“
0 0
B-V •88 .90 100
7 = 12.5
Av 0.5 0.3 0.2
* B-V .81
f  = 13.5
A
V 0.3
K
V V 4.9 5.2 5.5 5 .8  6.1 6.3 6.6
oaCNH\> Mod.
v = 10.5 n
v « 11.5 n 6.5 5 .7
f  = 12.5 n 6.8 6 .4 5 .7
V = 13.5 « 7 .0
9 * .
TABLE 4  (oorrfc*^) 
Seglern V
o
1
B-V
-.4 0
äi*
?  SS 10,0
\
B-V
1  -  11.5
AV
B-V
? =. 12,5
Av
B-V
? = 13.5
Av
m -8 .1 -7 .0
M
▼
V -7 .0 -5.4
<a n o Mod.
? = 11.5 N
?  s s  12.5 M
? =s 13.5 0
-.3 0 -.25 —.20 -.15 —.10
.60 .61
2 .3 2.1
•66 •72 •64 ♦38
3.3 2 .8 2 .4 2.0
1.18 •92 ♦71 •60 65
4*4 3.3 2.7 2.3 2.3
1.05 .70 .75
3.8 2.5 2.5
-6 .0 -5 .0 -4 .0 -3 .0
-3 .8 -2 .7 —1.6 -»•3 —.6
9*0 8.5
11.8 10.3 10*4 10.1
14.1 14.0 11.4 11.5 10.8
13.7 12.3 11.6
9r.
Table 4 (cont’d.) 
Region V
( B - V ) 0
lOv
O
.1 0 + .0 5 .1 0 .1 5
oC\J. . 2 5
B -V + . 6 5 .7 6 . 8 7
V = 10*0
Av 2.1 2 . 3 2 . 3
B -V <
v  = 1 1 .5
Av
B -V + .7 0 .6 9 .7 6 .8 2
V =  12 .5
A y 2 . 3 2 . 1 2 . 0 1 .9
B -V . 7 8 1 .1 0
<J
I
ii —J
k
u> •
A y 2 . 3 3 . 0
I I I - . 9
M „
V V - . 1 + . 3 . 7 1.1 1 . 6 2 . 2 2 . 4
V = 1 0 . 0  Mod 8 . 0 7 . 4 6 . 6
V =  1 1 .5  "
V =  1 2 . 5  " 1 0 . 3 10.1 9 . 4 8 . 4
v =  1 3 .5  " 1 0 .9 9 . 4
9^.
ftäBLJä 4. (cont'd. )
Iteloa V
< » *> 0 .30  .35  .irf) .45 .50 .55 .60
B-V
7 = 10.0
Ar
B-V
7 « 11.5
\
B~Y +.86 . 9V - • ; .98 1.05
7 B 12.5
\ 1.7 1.6 * 1.4 1 »4
B-V
7 = 13.5
\
\ ? 2.7 2.9 3.2 3.6 4.0 4.3 4.6
7 = 10 Mod. ' -
7 » 11 »5 »
? «. 12.5 • 9*1 7.7 7.1 6.5
7 « 13.5 M
9 ? .
TABLE L (ooat'd.) 
Bsjgjcm V
.65 .70 .75 .80 .85 .90 .95
B-V
?  * 10.0
B-V
7 = 11.5
V
B-V 1.16 1.27 .90 .95
f  = 12.5
Av  1.4 1.4 0 0
B-V
f  -  13.5
V 5.2
7  ®  10.0 
V •  11.5 
?  -  12.5 
?  -  13.5
5.9 5.3 6.2 5.9
9 8 .
TABUS 4  (cQBfc’a .)
Reckon VI
(B -V )o -.40  -»35 -»30 -.25 -.20 -.15 -.10
B -V ♦•15 ♦.15
7  -  9.5
AV 0.9 0.8
B-V ♦.36 .34 .30
? *  10*5
\ 1.8 1.6 1.2
B-V .83 .56 •48 .41
7 » 11.5
\ 3.4 2.3 1.9 1.5
B -V .53 .48 .43 .46
7 = 12.5
V 2.3 2.0 1.7 1.7
Hv
m - 8*1 —7»0 - 6*0 - 5.0 - 4.0 - 2.5
V - 7.0  - 5.4  - 3.8 - 2.7 —1.6 - 1.3 • 0.6
7 =  9.5 Mod* 9.9 9.3
7 «  10.5 w 11.4 10.5 9.9
7 =  11.5 tt 14.1 10.8 10.9 10.6
7  *  12.5 • 12.9 12.9 12.1 11.4
99
T a b le J i  ( c o n t *d . )  
^eg io n  VI
(B=V)0 - . 0 5 0 + .0 5 .10 . 1 5
oc\J. .25
B -V +.23 .3 0
V = 9 . 5
\ 0 .9 0 .9
B -V ♦31 .24
v = 10.5
Av 1.1 0 .7
B -V .44 .5 0 .57 .65
v = 11.5
Av 1.5 1 . 5 1.4 1.4
B -V .53 .5 5 .66 .72
v = 12.5
Av 1.7 1.7 1.7 1.9
MV V - .1 +.3 0 .7 1.1 1 . 6 2.2 2.V
V = 9 . 5  Mod 8.7 8 .3
<5I II — O • VJ
l
9 . 5 9 .5
V = 11.5 " 10.1 9 .7 9 .0 7 .9
V = 12.5 " 10.9 10.5 9 .7 8 .4
IOC.
TABLE 4  (confc’d* )
(**>o 0.30 .35 .40 .^5
.5 0  .55 .60
B-V
52
Av
B-V
f  » 10.5
B-V +.69 •71 .72 .a s
t  « 11.5
\ 1*2 0.9 0 .7
0 .8
B-V •76 .80 ♦92
7  =. 12.5
\ 1*4 1 .4 1 .3
\ V 2 .7  2.9
3.2  3 .6 i* 0 4 .3  4 .6
7 *  9.5 Mo4#
V = 10.5 it
?  » 11.5 11 7 .6 7 .4 6 .8 6.3
'7 = 12.5 « 8 .4 7.9 7 .2
lo t .
TABLE 4 (oont’d .)
Re>djon VI
(B-V)0
B-V
0.65 .70 .75 .80 .85 .90
V * 9*5
\
B-V
9 » 10*5
V
B-V +.80 .90
7 » 11.5
V 0 0
B-T
7 ■ 12.5
B-V
f  -  13.5
\
V 4.9 5.2 5.5 5 .8  6.1 6.3 6.6
7 = 9.5 
7 = 10.5 
7 = 11.5 5.7 5.2
7 = 12.5
102.
TABLE 4  (oont'd. ) 
Rendon VII
( B-T)0
B-V
—•40 -•35 -•30 -.25 -.20 —.15 -.10
7 = 9.5
V
B-V 1.06 1.03 .98 .78 •52 .18 •20
7 -  10.5
\ 4*4 4.1 3*8 3.1 2.2 1.0 0.9
B-V .75 •48 ♦34 .30
7 = 11.5
V 3.0 2.0 1.5 1.2
B-V 1.23 .96 .80 .64 .53
f  a 12.5
V 4.6 3.6 3.0 2.4 1.9
B-V 0.82 .72 .64
7 «= 13.5
3.1 2.6 2.2
n i - 8*1 - 7.0 •^ >.0 - 5.0 -4.0 - 2.5 - 2.1
M▼
V - 7.0 - 5.4 - 3.8 - 2.7 - 1.6 - 1.3 - 1.6
7 .  9.5 Mod*
7 » 10.5 t> 14.2 13.4 12*7 12.4 12.3 12.0 11.7
7 » 11.5 n ( 12. 3) 11.1 11.3 10.9
7 « 12.5 M 13.9 13.9 13.5 12.6 12.7
7 = 13.5 ft 12.0 12.2 11.9
to*.
Table 4 (cont*d . )
Region V I I
(B-V ) 0 - . 0 5 0 + .0 5 .10 .1 5 .2 0 .2 5
B -V + .2 8 .3 0 .33 .40
v  = 9 . 5
AV 0 .9 0 . 9 0 . 8 0 . 9
B -V .29 .3 7
v  = 1 0 .5
A y 1 . 0 1.1
B -V . 3 7 .4 5 .4 5 .5 0
v  = 1 1 .5
AV 1.1 1 . 4 1 .2 1 .2
B -V .62 .6 5 .7 5 .75 .7 5 .7 5 .75
V = 1 2 .5 f ‘7  -
Av 2 . 0 2 . 0 2.1 2 . 0 1 .8 1 . 7 1 . 5
B -V .61 .6 8
v  = 1 3 .5
AV 2 . 0 2 . 0
%  V -0.1 +0.3 0 . 7 1.1 1 . 6 2 . 2 2 . 4
V = 9 . 5  Mod 8 . 7 8 .3 8 . 0 7 . 5
v = 1 0 .5  " 9 . 6 9.1
v  = 1 1 .5  " 1 0 .5 9 . 8 9 . 6 8 .2
V = 1 2 .5  " 1 0 .6 1 0 .2 9 . 7 9.V 9 .2 8 . 6 8 . 6
v  = 1 3 .5  " 1 1 .6 1 1 .2
■, > '^ V '
/o^,.
T a b l e  4 ( c o n t !d . )
R e e i o n  V I I
( B - V ) 0 + .3 0 . 3 5  . 4 0 . 4 5 . 5 0  . 5 5 . 6 0
B-V
v  = 9 . 5
AV
B-V • 6 0
v = 1 0 .5
AV 0
B-V
v  = 1 1 .5
AV
B-V . 7 5 . 8 3  . 8 8 . 9 5 1 .12
V = 1 2 .5
AV 1 1 .4  1 .4 1 .5 1 . 9
B-V .8 5
v  = 1 3 .5
AV 0 . 8
Mv V + 2 .7 2 . 9  3 . 2 3 . 6 4 . 0  4 . 3 4 . 6
v  = 9 . 5 Mod.
C
l II o • tt 5 .9
v = 1 1 .5 n
V = 1 2 . 5 " 8 .4 8 . 2  7 . 9 7 . 4 6 . 6
v  = 1 3 .5 fl 8 .1
loS.
Table 4 (c ont * d .)  
Region V il
(B-V)0 + .6 5 *70 .75 .80 .85 .90 .95
B-V
v  = 9 . 5
B-V .65 .70 .75 .80 .85 .90 .95
v  = 1 0 .5
Ay 0 0 0 0 0 0 0
T '  “ T
JUX*** V B-V .96 1.00 1.05
v = 1 1 .5
Av 0.3 0.3 0 .3
B-V
v = 1 2 .5
AV
B-V .90 .95 .90 .93 .99 1.06
v = 1 3 .5
Av 1 0 .8 0 .3 0 .2 0.3 0 .3
Mv V +4.9 5 .2 5 .5 5 .8 6.1 8.3 6 .6
v = 9 .5 Mod.
v = 1 0 .5 " 5 .6 5 .3 5 .0 4 .7 4 .4 4 .2 3 .9
v = 1 1 .5 u 5.1 4 .9 4 .6
V = 12.5 tt
v = 1 3 .5 " 7 .5 7 .5 7 .4 7 .2 6 .9 6 .6
4.2 Absorption as a function of distance in the seven regions.
The cumulative visual absorptions for the seven regions 
are plotted as a function of distance modulus in Figures 10(a) to 
10(g), The data are taken from Table 4« The visual absorptions 
given by Houck for the members of I Crucis are plotted as crosses. 
Obvious features of these diagrams are the variability of absorption 
in the different regions of the Goalsack, the relatively unobscured 
portion between distance modulus 6.5 and 9«0 and the steady increase 
of absorption at greater distances. In order to see more clearly the 
variation of absorption with distance in the region behind the Coalsack 
we may subtract the absorptions attributable to the nebula in each 
diagram. The resulting plots of visual absorption against distance 
modulus in the range 3-14 are given in Figure U. In the following 
chapter we will discuss the Goalsack and the more distant regions 
using the data given in these Figures and compare these data with the 
results of other studies of the interstellar content in this section
of the Milky Way
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Figure 10.
The derived visual absorption plotted against distance 
modulus for each region. The plotted points represent the values 
taken fron Table Houck* s stars are plotted as crosses, the
Zeiss measures as filled points and the Uppsala measures as open circles.
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figure ±1.
fhe absoroing regions behind the Coaisack. ihe carves 
are taken from the mean absorption curves of figure 8; the 
roman numeral beside each curve referring to the appropriate 
region.
--- 0 O 0 ----

5 Discussion of the Results
5.1 The Coalsack
From the data shown in FigureslOa to10g we may derive the 
mean distance of the nebula. In each region the distance is taken 
as the point at which the absorption has risen to half the value 
attributable to the Goalsack. Because of the paucity of stars 
lying in front of and just behind the nebula no realistic estimation 
of the thickness can be obtained. The distances and photographic 
absorption of each region are listed in Table 5.
TABLE 5
Region Distance Modulus
I 5.9
II 6.25
III 5.7
IV 6.4
V 6.2
VI 6.1
VII 6.7
Distance
(parsecs)
Photographic
Absorption
(magnitudes)
151 2.2
178 1.0
138 1.1
191 0.7
174 2.4
166 1.5
219 1.2
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The mean distance is found to be 174 parsecs and it is estimated 
that differences between regions of up to ± 16 pc may be real. The 
mean photographic absorption weighted according to the areas of each 
region is 1.45 magnitudes. In discussing the Goalsack as a whole we 
will adopt these values and the data referring to each region will 
be separately compared with them. It will be remembered that in
the Introduction we saw that the four previous determinations of the
m  rnphotographic absorption in the Coalsack gave 1.0 (Unsold), 1,0 (Müller),
m  rn
1.6 (Lindsay) and, for the denser parts observed by Houck, 2.2. Similarly 
the distances determined were 150 pc (Unsold), 150 pc (Müller) and 
166 pc (Lindsay). Thus the present values are in good agreement with 
these determinations*
The projection of the Coalsack on the celestial sphere can be 
roughly represented by a circle 5° in diameter which at a distance of 
174 pc corresponds to a diameter of 15 parsecs and an area of 176pc".
We will assume that the nebula has a uniform depth of 12parsecs and the 
volume then becomes 2100 pc'.
To determine the mass of the obscuring material we must know 
the mass absorption coefficient of the interstellar dust. This coeffient 
depends, in a complicated way, on two parameters - the refractive index
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which is fixed by the chemical composition of the particles, and the 
ratio of the radius of the particle (assumed spherical) to the 
wavelength of the incident radiation. We must also take into account 
the effect of particle size distribution, i,e,, of a spread in the 
second of these parameters. The refractive index and size distribution 
must be chosen so as to reproduce the observed light scattering 
properties of the interstellar medium, but this requirement is not 
sufficient to fix these parameters unambiguously. Thus there is still 
some doubt as to whether the particles are metallic (Fe, Ni) or ice 
with an admixture of H2, CH4, It is worth mentioning that the entirely 
different mechanism of scattering by free radicals has been proposed by 
Platt (1).
The Mie theory of light scattering by small spherical particles 
has been applied to the interstellar dust by Schalen (2), Greenstein (3), 
van de Hulst (4) and Guttler (5). Schalen and Guttler assume the
(1) Platt, J.H, Ap. J., 1 2 2, 436, 1956.
(2) Schalen, G, : Uppsala Ast. Obs. Medd,, 64, 1936,
(3) Greenstein, J.L. : H.C, 422, 1937.
(4) van de Hulst , H.C. : Rec. Ast. de L'Obs. d ’Utrecht, 11, 1949.
(5) Guttler, A, : Zts. f. Ap., 21, 1, 1952.
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particles to be metallic while van de Hulst considers than to be 
composed of ice with impurities of H2, CH4 and hydrides of heavier 
elements. Greenstein treats the cases of a perfect reflector, H20, 
silica, iron and nickel. Van de Hulst has thoroughly discussed the 
relative validity of the assumed compositions and size distribution 
and has computed tables of the scattering efficiency as a function 
of these parameters. He has shown that by far the greatest proportion 
of scattering is produced by particles with sizes corresponding to the 
maximum in the scattering efficiency curve. Greenstein has computed
that for ice particles with a refractive index 4/3 and effective
-5 2radii of 3x10 cm, a column of such particles of one cm cross section
containing one gm of matter will absorb 8.91 x 10^ magnitudes in the
photographic region. This result agrees favourably with the value
4*6 x 10^ mag cm^/gm derived from an assumption of a uniform absorption
of 2.0 mag/kpc and a mean space density of dust particles in the
galactic plane of 1.4 x 10“ gm/cc as given by van de Hulst. We
obtain from Greenstein‘s result a mass of the Coalsack of 2.74 x 10 ^ gm
or 14 solar masses. The main sources of uncertainty in this value lie
in the assumed particle composition and size distribution. It must be
remembered that the mass of the dust component of the Coalsack derived
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under such assum ptions w il l  be a minimum v a lu e  and th e  a c tu a l  mass 
may in c lu d e  c o n tr ib u tio n s  from p a r t i c le s  o u ts id e  t h i s  s iz e  range .
For a l l  rea so n ab le  assum ptions however th e  minimum mass f a l l s  between 
8 and 30 s o la r  m asses. The d e n s ity  o f th e  d u s t c o n s t i tu e n t  o f th e  
Coalsack is  found to  be 4 .4  x 10“23 gm/cc. This va lu e  i s  approxim ately  
30 tim es th e  mean d e n s ity  o f d u s t in  th e  g a la c t ic  p lane as given above.
In Table 6 we l i s t  th e  volume assuming a l in e  o f s ig h t  
th ic k n e ss  o f 12 p a rsec s , th e  mass (derived  in  th e  same manner as above) 
and th e  mean d e n s ity  o f th e  cosmic d u s t fo r  th e  seven Coalsack re g io n s . 
The f i n a l  column headed g ives th e  r a t i o  o f th e  d u s t d e n s ity  in  th e
re g io n  to  th e  mean d e n s ity  o f d u s t in  th e  g a la c t ic  p lan e .
TABLS 6
Region Volume Mass D ensity
I 120cpc 3 .0 x l0 33gm 8.1x10'“23 gm/cc 58
I I 120 " 1 .3 u 3 .6 i i 26
I I I
c
2 .8 I ! 3 .8 i t 27
IV 115 " 0 .8 I t 2 .4 i i 17
V 128 « 2 .9 11 7 .4 i t 54
VI 188 " 2 .6 I f 4 .6 i i 33
V II 109 n 1 .3 t t 3 .9 i t 28
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The densities of Regions I and V are therefore twice the mean 
value for the Goalsack and three times that of region IV. From direct 
inspection of plates of the Coalsack it seems unlikely that the maximum 
absorption in Regions I and V is exceeded anywhere else in the nebula 
over areas greater than 20 minutes of arc in diameter. There may of 
course be a radial dependence of absorption in the dense regions for 
which the derived values of absorption and density are but means. In 
his thesis Houck says that nchanges of a magnitude or more in total 
absorption arise in distances considerably less than one parsec. It 
is likely, therefore, that the density in these local regions is 
comparable with that estimated by Bok for the larger globules.” It 
must be stressed that these surface variations give no indication of 
high density unless a thickness much smaller than the apparent diameter 
is assumed. The densities of Regions I and V in Table 6 are smaller by 
a factor of 60 than those given by Bok (l) for the larger, more transparent 
globules and the mean density of the nebula is similar to that of the 
large cloud complexes in Taurus, Auriga and Ophiuchus.
(l) Bok, B.J. : Harvard Centennial Symposia, Monograph No.7, 53, 1948
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To summarise, we see from our a n a ly s is  o f th e  co lo u r d if f e r e n c e  
diagram s th a t  th e  Goalsack i s  an is o la te d  d u s t cloud a t  a d is ta n c e  o f
nr>
174 p a rsecs  w ith an average photographic ab so rp tio n  o f 1*45* Assumptions 
concern ing  p a r t i c l e  s iz e  and com position lead  to  a minimum mass o f 
2 .7  x 1 0 ^  gm (14 O  ) and a d e n s ity  o f 4 .4  x 10”2  ^ gm/cc. The mean 
d e n s ity  o f th e  d u s t cloud i s  in te rm ed ia te  between th a t  o f th e  la r g e r  
g lo b u les  and th e  ex ten s iv e  cloud complexes o f th e  Milky Way. However 
from one p a r t  o f th e  nebula to  an o th er th e  d e n s ity  may vary  by as much 
as a f a c to r  o f th re e .
-oOOo-
5.2 Absorption behind the Coalsack
The absorption behind the Coalsack is shown as a function of 
distance in Figurell. Up to 800 parsecs there is a clear region 
with a maximum obscuration of 0.3 magnitudes. At distances larger 
than 1 kpc the absorption increases steadily, rising to about 4*0 
magnitudes at 6000 parsecs.
These results can be related to previous work on the Coalsack 
and neighbouring Milky Way regions. Investigations of possible spiral 
structure in the range of galactic longitude 1 = 250° - 330° have been 
made by Morgan, Whitford and Code (l), Weaver (2), Hoffleit (3) and 
Gum (4). Morgan, Whitford and Code demonstrated the existence of an 
inner spiral arm extending from 1 = 0° to 330°, parallel to the arm in 
which the sun is situated and 2 kpc from it. These arms are delineated 
by concentrations of highly luminous 0B stars. Miss Hoffleit determined 
distances for a number of 0B stars in the interval 1 = 260° - 320°. She 
found evidence of the inner arm and of extensive distribution in depth 
of the 0B stars in Carina. She was unable, however, to decide whether the
(1) Morgan, W.W., Whitford, A. and Code, A. : Ap. J., 118. 318, 1953.
(2) Weaver, H. : P.A.S.P., 65, 1^2, 1952.
(3) Hoffleit, Dorrit. : Ap. J., 12£, 6l, 1956.
(4) Gum, C.S. : Mem. R.A.S., £7, 155, 1955.
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Car ina complex was associated with the local arm or the Carina arm. 
Weaver argues from data on the space distribution of OB stars in the 
interval 1 = 250° - 330° and also found evidence for this inner arm 
stretching from Carina to Sagittarius. Recently Oosterhoff has shown 
(in an unpublished report by Kerr on the 1957 Stockholm Conference) that 
projected on to the galactic plane, the classical cepheids define the 
Carina arm, which appears to pass through inside the Sun and link up 
with the Sagittarius arm. Houck’s association I Cru then appears to 
form part of this link. In addition, Gum's study of the distribution of 
southern HII regions as shown in his Figure 6 (a) strongly suggest the 
existence of this inner arm. His results are strengthened if the 
HII regions in the Coalsack, specifically Gum No.46 surrounding HDE 
311999 which Houck has shown to be a member of I Cru, are placed at the 
more correct distance of 2.2 kpc.
In Figure 12 we have plotted the distribution of the OB stars 
and HII regions on the galactic plane. It can be seen that the 
investigations summarised above all suggest or are consistent with the 
view of a concentration of type I objects, OB stars, associations, HII 
regions and classical cepheids defining a spiral arm between 250° and 0° 
galactic longitude, parallel to the arm in which the sun is situated 
and approximately 2 kpc distant. We can now compare this result with
Figure 12.
The projection of OB stars and Hll regions on the 
galactic plane. This figure is taken from Gum.
The region surveyed for absorption is shown shaded 
at 1 = 270° .
GALACTIC ROTATION
tOOO PARSECS
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the absorption distribution shown in Figure 11 *  Thus we see that the 
unobscured portion of Figureil corresponds to the interarm region and 
at distances greater than 1 kpc we encounter the absorbing clouds of 
the inner arm. The absorption data in Figure11 extend to a distance 
of 6 kpc; however, the number of high luminosity stars in the CD 
diagrams is small and the reliability of the results is much diminished 
for distances larger than 4*5 kpc. Thus the present results give no 
indication of further clear regions which are possibly behind the inner 
arm so that the low average absorption obtained of 0.8 mag/kpc in this 
direction is probably the mean for several alternate clear and obscured 
regions.
The preliminary survey of HI regions at 21-cm of the neutral 
hydrogen in the southern hemisphere by Kerr shows three concentrations 
of HI in the direction 1 = 270°. While the distances of these 
concentrations contain all of the uncertainties of the assumed model of 
galactic rotation and uncorrected effects of velocity dispersion in the 
HI clouds themselves, Kerr estimates the minimum distance of the nearest 
HI concentration to be 2 kpc. We see therefore that the dust of the 
inner arm is more extended than the gas and occurs at distances closer to 
the sun.
-oOOo-
Summary and Conclusion.
In the present thesis we have two main objectives. The 
first is to study the dependence of absorption on distance in the 
region of the Goalsack, The second is to use the Coalsack as a 
test object for the application of the Becker three-colour method 
using the UBV system,
'The results of the work show that from an analysis of the 
colour difference diagrams we are able to derive the absorption as 
a function of distance in the interval 100 to 4000 parsecs for each 
of the seven regions in the Coalsack selected for study. By means 
of these data we can then estimate the distance, mean absorption, 
minimum density and mass of the isolated dark Coalsack nebula.
These results place the Coalsack as intermediate in mass, radius and 
density between the globules and the large absorption complexes of the 
Milky Way, The minimum mass of the Coalsack is found to be 14 solar 
masses, the radius 6-8 parsecs and the minimum density 4*4x10 ? gm/cc.
Behind the Coalsack we find a relatively clear region extending to 
900 pc after which there is a uniform absorption of 0,8 mag/kpc.
These results are consistent with the presence of an inner spiral arm 
found by previous workers which, at 1 = 270°, is 2 kpc distant and is 
separated from the sun by an unobscured inter-arm region.
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The next step in the investigation of the Coalsack as an 
isolated dust cloud should be a study, optically and by radio 
techniques (a study of the 21cm line of Hi) of the kinematics of 
the gas and hence dust in the nebula. It should be of great 
interest to correlate the observed interstellar gas velocities 
■with the difference in direction of the magnetic field vectors 
found by Mrs. Smith for the northern and southern halves of the 
nebula.
The present study has shown that Becker’s three colour 
method can be successfully applied to the determination of interstellar 
absorption* Of course, it is not claimed that in the derivation of 
distances and absorptions for individual stars, the three colour 
method is superior to conventional techniques, such as combined 
photoelectric photometry and accurate spectral luminosity classification. 
However, we have shown that three-colour studies, interpreted in the 
form of colour difference diagrams can be extended to much fainter 
stars than can be observed if accurate classification using slit 
spectra is required. Thus the method, has its greatest potential in 
the magnitude range beyond the limit of detailed spectral surveys.
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The techniques of three-colour photometry have an advantage 
over those of the Morgan, Meinel and Johnson (l) micro-spectra in 
that the three-colour method can be more easily applied to the 
faintest stars. This is so, since with the three colour method,
(a) no dispersive element causing light losses is involved and (b) 
luminosity and colour are derived directly from an analysis of the 
CD diagrams. We note that an accuracy of only 50$ is claimed for 
the micro-spectra technique in the identification of reddened OB 
stars, under normal conditions; the present study shows that 
identification is nearly unambiguous for stars earlier than B5 and, 
dependent on the degree of reddening, is at least 30$ accurate for 
highly reddened late type B stars. Highly reddened early B stars may 
most likely be confused on the CD diagram with the white dwarfs, 
themselves objects worthy of detailed study.
The principal disadvantage of the three-colour method is that 
considerable errors may arise in the interpretation of the CD diagrams 
due to the intrinsic dispersion of colour and luminosity in the stars 
observed. Other disadvantages are that the stars in a region must be 
treated en masse so that (a), individual spectral characteristics
(l) Morgan, W.W., Meinel, A.B., and Johnson, H.M, : Ap. J,, 120,
506, 1954
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and colour excesses are in some cases ambiguous and (b), the derived 
colour excess is the mean for the region observed.
There are two possible directions in which application of 
the three colour method may proceed. The first is to study by three- 
colour techniques regions of the Milky Way crucial to our knowledge 
of spiral structure. The second is to attempt a three-colour 
investigation of the luminosity function and space distribution in a 
region where only moderate absorption allows a complete separation 
of late B and A to F type stars. Some of the key Milky Way regions 
suggested for study are:-
1) 1 = 327° : b =-1.4. the galactic centre in Sagittarius. This 
region should be investigated to as faint a magnitude as possible in 
order to extend absorption studies to a maximum distance and, if 
practicable, penetrate to the stellar component of tj^ pe II population 
in the galactic nucleus. Studies of the variations of spectral 
distribution with distance which would appear clearly in the colour 
difference diagrams are of extreme importance in this region where 
transitions of stellar population type are expected.
2) 1 - 280° - 310°, part of the large southern rift in the Milky Way. 
This is a region in which Gum could detect no HII regions.
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The author photographed this region with the Uppsala Schmidt 
using the same techniques as he applied to the search for HII regions 
in the Coalsack and also obtained negative results. It is of considerable 
interest to know the distance and absorption of the extensive dark 
material in this direction.
3) 1 = 245°« in Vela. This region should be examined for absorption 
and stellar distribution and the results compared with the distribution 
of the type I concentrations in Garina.
An ideal example of a region where combined studies of 
absorption, space distribution and luminosity function can be made is 
the region at 1 = 245° : b = -22°, centred on £  Volantis. In this 
direction there is little evidence of absorption and the three colour 
studies may be extended to distances where a search for a possible 
connecting link between the large Magellanic Gloud and Milky Way may 
be made.
We see in the application of Becker's three colour techniques 
a powerful tool in studies of galactic absorption and stellar distribution. 
This is a method which, when exploited to the full, will require the use
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of the largest instruments. It will be necessary to establish first 
class photoelectric sequences to the faintest possible magnitude and 
to obtain photographs both with the major reflectors and large scale 
Schmidt telescopes. Nevertheless the three-colour method shows such 
potential for the solution of the problems outlined above that 
observing time devoted to three colour programmes together with 
related spectral and variable star surveys is well worthwhile.
-0OO0-
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PHOTOMETRIC CATALOGUE
STAR
HD
V B-V U - 3 SP.T
1102 3 1 9 . 4 3 + 0 . 0 4 + 0 . 5 0 B9
1 1 0 2 3 2 9 . 7 0 + 0 .0 6 + 0 . 0 1 B8
1 1 0 2 9 3 9 . 4 8 + 0 . 0 8 - 0 . 1 2 B9
1 1 0 3 7 3 9 . 7 4 +0 • 04 - 0 . 7 1 B8
1 1 0 4 3 3 9 . 0 7 + 0 . 1 0 - 0 . 3 7 B8
1 1 0 4 4 9 8 . 9 9 : + 0 .1 0 : - 0 . 2 1 : BO
1 1 0 4 7 7 7 . 5 3 + 0 . 6 3 + 0 . 3 7 F5
1 1 0 4 7 8 8 . 4 4 + 1 . 0 8 + 1 . 4 8 K5
1 1 0 4 9 8 9 . 3 2 + 0 . 5 1 - 0 . 6 6 BO
1106 2 5 9 . 9 9 + 0 . 3 4 - 0 . 0 9 B8
1 1 0 6 3 9 7 . 8 7 : + 0 .8 9 : - 0 . 1 7 BO
1 1 0 6 4 0 8 . 7 3 + 0 . 3 2 - 0 . 0 2 AO
1 1 0 6 8 6 9 . 3 5 + 0 . 4 2 + 0 . 5 8 GO
1 1 0 7 3 6 9 . 1 8 + 0 . 1 8 - 0 . 2 9 B8
1 1 0 8 2 1 8 . 8 2 + 0 .2 3 + 0 . 0 5 AO
110843 7 . 9 9 + 1 . 4 3 +1 • 84 K2
1 1 0865 1 0 . 1 0 + 0 . 4 1 + 0 . 6 9 A2
1 1 0 9 6 0 9 . 9 2 + 0 .3 3 - 0 . 4 7 AO
1 1 0 9 8 4 8 . 4 5 + 0 . 5 2 - 0 . 3 2 BO
1 1 1 0 0 2 9 . 8 0 + 0 .5 9 + 0 . 0 9 GO
1 1 1 1 5 0 1 0 . 1 0 + 0 . 5 1 + 0 . 0 9 AO
1112 1 0 9 . 8 4 + 0 . 3 7 - 0 . 3 8 B9
1113 0 3 8 . 5 6 + 0 . 4 3 + 0 . 2 8 PO
ST AE 
HD __
111304
111365
111377
111464
111557
111589
111688
111715
111741
111778
111779 
111826 
111858
111991
111992 
112013 
112045 
112057 
112123 
112169 
112216 
112245 
112252 
112295 
112366
V
9 .4 2
1 0 .0 0
9 .2 2
6 .5 3
9 .6 5
9 .8 1
9 .8 9
8 .4 2  
1 0 .7 0
9 .6 1  
9 .5 8  
9 .3 2  
8.11 
9 .0 3  
8 .5 0
10.11
9 .3 4
1 0 .3 1
7 .6 2  
9 .5 7  
9 .7 3  
9 .2 4  
8 .2 8  
9 .2 1  
7 .2 0
B-V
+ 0 .3 7  
+ 0 .4 9  
0.00 
+ 1 .5 3  
+ 0 .5 4  
+0 . 2 2  
+ 0 .6 3  
+ 1 .0 4  
+ 0 .2 7  
+1.21 
+ 0 .5 3  
+ 0 .3 5  
+ 1 .3 2  
+ 0 .4 3  
+ 0 .5 0  
+ 0 .3 9  
+ 0 .4 9  
+ 0 .4 9  
+ 0 .4 7  
+ 0 .4 2  
+ 0 .4 0  
+ 0 .5 5  
+0 • 44 
+ 0 .4 0  
+ 1 .0 6
Ü-B
- 0 .2 8  
- 0 .4 1  
- 0 .3 4  
+ 1 .3 8  
+ 0 .2 3  
+ 0 .0 3  
- 0 .0 7  
+ 0 .4 7  
+ 0 .1 4  
+ 1 .4 6  
+ 0 .0 6  
+ 0 .2 7  
+ 1 .8 6  
+ 0 .2 6  
+ 0 .4 4  
- 0.10 
+ 0 .1 5  
+ 0 .3 7  
+ 0 .2 3  
+ 0 .0 5  
+ 0 .3 8  
+ 0 .3 8  
- 0 .0 9  
+ 0 .3 5  
+ 0 .1 3
SP .T .
B8
B9
B5
KO
F5
AO
B8
K5
AO
KO
B8
AO
KO
AO
AO
B9
AO
B9
AO
F5
G5
KO
B9
B9
B2p
STAK
HL
V B -V U-B SP. T.
112513 8 .9 6 + 1 . 7 7 + 2 . 6 3 Ml
112636 9 . 0 3 + 0 . 5 5 + 0 . 3 6 G5
112637 9 . 3 2 + 0 . 3 7 - 0 . 3 9 B8
112661 8 . 9 7 + 0 . 4 7 - 0 . 1 9 B8
112785 9 . 2 8 + 0 . 3 8 - 0 . 3 4 B8
112812 9 . 9 4 + 0 . 2 3 + 0 . 7 2 A0
1128 5 4 8 . 1 4 + 0 . 8 2 + 0 . 8 9 KO
1 1 2 9 1 1 7 . 2 6 + 1 . 4 4 + 2 . 4 2 K2
112953 8 . 7 8 + 0 . 5 6 - 0 . 2 4 B2
1 1 2954 8 . 0 9 + 0 . 5 8 + 0 . 1 7 B9
1 1 3 1 5 2 7 . 5 7 + 0 . 5 5 + 0 . 1 8 PO
HDE
311793 1 1 . 3 6 + 0 . 3 0 + 0 . 0 1 B9
3 1 1 7 9 4 1 1 . 6 7 +0.  20 + 0 . 1 7 A2
311795 9 . 9 5 + 0 . 3 2 - 0 . 3 2 B3
311796 1 0 . 4 0 + 0 . 2 8 - 0 . 4 3 B8
3 1 1 7 9 7 9 . 0 2 + 1 . 5 9 + 0 . 4 3 K7
3 1 1798 1 1 . 2 4 + 0 . 1 9 - 0 . 4 2 B9
3 1 1 7 9 9 1 0 . 2 3 + 0 .0 6 + 0 . 5 9 AO
311806 1 0 . 4 4 + 0 . 0 1 + 0 . 3 2 ( B 9 )
311807 1 0 . 1 8 + 0 . 5 8 + 0 . 7 4 (G5)
311808 8 . 6 2 + 1 . 6 7 + 2 . 1 2 K5
311810  - 1 0 . 8 4 + 0 . 1 2 + 0 . 1 7 •- (AO)
3118 1 2 1 1 . 1 8 + 0 . 4 8 + 0 . 1 3 (AO)
STAR
HDE
V B-V U-B SP.T
3 1 1 8 1 3 9 . 6 1 + 0 . 5 2 - 0 . 1 8 B
3 1 1 8 1 4 1 0 . 0 4 + 0 . 5 4 - 0 . 1 9 B
3 1 1815 1 0 . 7 1 + 0 . 4 6 - 0 . 3 9 B
3 1 1 8 1 6 1 1 . 5 1 + 0 . 5 3 +0 • 02 A3
3 1 1 8 2 0 1 1 . 6 2 + 0 . 5 2 - 0 . 2 2 B9
3 1 1 8 2 1 1 1 . 7 6 + 0 . 4 9 - 0 . 6 9 B9
3 1 1 8 2 2 1 1 . 1 0 + 0 »43 - 0 . 2 5 AO
3 1 1 8 2 3 1 1 .0 0 + 0 .3 3 - 0 . 2 5 B9
3 1 1 8 2 4 1 0 . 9 9 + 0 . 7 4 - 0 . 2 4 B2
3 1 1 8 2 5 1 1 . 3 3 +0 • 42 + 0 . 1 4 (AO)
3 1 1 8 2 6 9 . 9 6 + 0 . 2 6 - 0 . 5 0 (B9)
3 1 1 8 2 7 1 1 . 2 9 + 0 . 3 3 - 0 . 7 1 (B3)
3 1 1 8 2 8 1 1 . 2 3 + 0 . 3 3 - 0 . 6 7 ( B 5 )
3 1 1 8 2 9 1 0 . 4 3 + 0 . 6 5 - 0 . 6 1 (BO)
3 1 1 8 3 0 1 1 . 1 4 + 0 . 4 0 - 0 . 2 1 (A2)
3 1 1 8 3 1 1 1 . 4 1 + 0 .3 9 - 0 . 4 2 (AO)
3 1 1 8 3 3 1 1 . 1 3 + 0 . 5 1 - 0 . 1 3 (i'O)
3 1 1835 1 2 . 4 2 + 0 . 3 1 - 0 . 0 9 A5
3 1 1 8 3 6 1 0 . 8 7 + 1 . 2 2 + 1 . 1 4 KO
3 1 1 8 3 7 1 1 . 8 0 + 0 . 6 0 + 0 . 1 6 A2
3 1 1 8 3 8 1 1 . 2 3 + 1 . 1 4 + 0 . 8 0 G5
3 1 1 8 3 9 1 1 . 5 8 + 0 . 7 9 + 0 . 3 2 F5
3 1 1 8 4 0 1 1 . 0 2 + 0 . 7 2 + 0 . 1 2 F8
3 1 1 8 4 1 1 0 . 2 3 + 1 . 7 1 + 1 . 9 4 G5
311842 1 1 . 3 8 + 0 . 8 5 + 0 . 4 6 GO
ST AE
HDE
V B-V U-B SP .T .
3 1 1 8 4 3 1 0 . 4 4 + 0 . 5 1 + 0 . 1 7 A7
3 1 1 8 4 4 1 1 . 9 2 + 0 . 4 1 - 0 . 2 8 (AO)
3 1 1 8 4 5 9 . 8 7 + 1 . 7 7 + 2 . 2 5 (Ko)
3 1 1 8 5 0 1 1 . 6 0 + 0 . 2 0 - 0 . 3 2 (B 9 )
3 1 1 8 5 1 1 1 . 6 4 +0 * 40 - 0 . 1 9 (AO)
3 1 1 8 5 2 1 1 . 2 4 + 0 . 2 8 + 0 . 3 3 A2
3 1 1 8 5 3 1 0 . 2 7 + 0 . 2 8 +0 • 26 AO
3 1 1 8 7 0 1 2 . 2 5 + 0 . 1 7 + 0 . 3 1 A2
3 1 1 8 7 1 1 2 . 3 1 + 0 .16 + 0 . 1 2 AO
3 1 1 8 7 2 1 1 . 9 6 + 0 .1 9 - 0 . 0 1 B8
3 1 1 8 7 3 1 1 . 3 8 + 0 .4 5 + 0 . 2 9 G5
3 1 1 8 7 4 1 2 . 0 1 + 0 . 4 1 + 0 . 3 7 AO
3 1 1 8 7 5 1 1 . 0 9 + 0 . 1 4 - 0 . 3 6 (AO)
3 1 1 8 7 6 1 1 . 2 1 + 0 . 0 8 - 0 . 2 9 (AO)
3 1 1 8 7 7 1 1 . 4 3 + 0 . 2 2 - 0 . 4 1 (AO)
3 1 1 8 7 8 1 0 . 8 3 + 0 . 6 8 - 0 . 3 8 (B 9 )
3 1 1 8 7 9 1 0 . 4 8 + 0 . 1 0 - 0 . 2 8 (B 8 )
3 1 1 8 8 0 1 1 . 1 4 +0.  26 + 0 . 0 8 ( B 9 )
3 1 1 8 8 1 1 1 . 3 1 + 0 . 2 1 - 0 . 3 2 (AO)
3 1 1 8 8 2 1 1 . 3 4 + 0 .2 3 - 0 . 1 0 (AO)
3 1 1 8 8 3 1 0 . 8 9 + 0 . 4 8 + 0 . 0 1 ( F 8 )
3 1 1 8 8 4 1 0 . 7 7 + 0 .7 3 - 0 . 1 8 ( o )
3 1 1 8 8 5 1 0 . 7 7 + 0 . 0 8 - 0 . 3 4 (B 9 )
3 1 1886 1 1 . 0 8 + 0 . 2 1 - 0 . 3 1 (B 8 )
3 1 1 8 9 0 1 0 . 9 7 + 0 . 9 2 + 1 . 0 9 KO
STAR
HDE
V B-V U-B SP.T
3 1 1 8 9 1 1 1 . 5 4 + 0 . 5 9 + 1 . 1 3 G5
3 1 1 8 9 2 1 0 . 6 1 + 0 . 6 2 - 0 . 3 4 F8
3 1 1 9 5 3 1 1 .5 3 + 0 . 1 8 + 0 . 1 5 A2
3 1 1 9 5 4 1 0 . 1 8 + 0 . 8 8 + 1 . 2 1 K0
3119 5 5 1 1 . 8 2 + 0 .1 6 - 0 . 0 6 A
3 1 1 9 5 6 1 1 .8 6 - 0 . 0 3 + 0 . 2 9 AO
3 1 1959 1 0 . 1 0 + 0 . 4 5 + 0 . 9 3 G5
3 1 1 9 6 0 1 1 . 1 4 + 0 .2 6 - 0 . 2 5 B8
3 1 1 9 6 1 1 1 .3 5 + 0 .2 6 + 0 . 3 1 B9
3 1 1 9 6 5 1 1 . 2 4 + 0 . 4 4 + 0 . 2 4 A2
311966 1 0 .8 7 + 0 . 0 8 + 0 . 1 7 B8
3 1 1967 1 1 . 4 3 + 0 . 3 1 + 0 . 0 5 AO
3 1 1 9 6 8 1 1 .9 7 +0.  28 + 0 . 1 3 AO
311969 1 0 .8 3 +0 • 15 + 0 . 0 9 B9
3 1 1 9 7 4 1 1 . 3 8 + 0 . 4 1 + 0 . 3 8 A3
311975 1 0 .3 5 + 0 . 3 5 + 0 . 3 0 A3
311979 1 0 .1 3 + 0 . 4 0 - 0 . 5 1 B3
311986 1 1 . 4 8 + 0 . 4 9 - 0 . 2 0 B8
311987 1 0 .1 6 + 0 . 7 2 + 0 . 4 9 KO
311989 1 1 . 3 4 +C. 43 + 0 . 0 1 A2
3 1 1 9 9 0 9 . 9 8 + 1 . 2 0 + 1 . 1 4 G5
3 1 1 9 9 1 1 1 .0 9 + 0 . 4 9 - 0 . 0 6 A2
3 1 1 9 9 2 1 1 .8 9 + 0 . 6 9 - 0 . 0 8 B9
3 1 1 9 9 3 1 1 .2 3 + 0 . 4 2 + 0 . 0 9 AO
3 1 1 9 9 4 1 1 . 7 8 + 0 . 6 7 - 0 . 3 7 A
STAR
HDE
V B-V U-B S P .T
3 1 1 9 9 5 1 0 .8 0 + 0 .7 7 + 0 .4 9 A5
3 1 1 9 9 6 1 0 .3 2 + 1 .2 5 + 0 .7 7 A3
3 1 1 9 9 7 1 1 .5 0 + 0 .8 3 + 0 .5 5 A3
3 1 1 9 9 8 1 0 .6 1 + 1 .4 1 + 1 .3 1 K0
3 1 2 0 0 0 1 1 .7 7 + 0 .7 2 - 0 . 0 4 AO
3 1 2 0 0 1 1 0 .6 9 + 0 .7 1 - 0 . 4 1 B5
3 1 2 0 0 2 1 1 .4 7 + 0 .7 7 - 0 . 3 2 B
3 1 2 0 0 3 1 1 .3 8 + 0 .5 5 + 0 .1 3 A2
3 1 2 0 0 5 1 0 .4 4 + 0 .9 0 + 0 ,2 9 GO
3 1 2 0 0 6 1 1 .5 9 + 0 .3 5 - 0 . 0 3 A2
3 1 2 0 0 7 1 1 .4 8 + C .4 8 + 0 .2 1 B9
3 1 2 0 0 8 1 1 .3 6 + 0 .7 4 +0 • 04 B
3 1 2 0 0 9 1 2 .2 9 + 0 .5 8 + 0 .0 2 A
3 1 2 0 1 0 1 2 .3 0 + 0 .5 2 + 0 .1 6 A
3 1 2 0 1 2 1 1 .6 0 + 0 .5 5 - 0 . 1 0 B9
3 1 2 0 1 3 1 0 .0 1 + 1 .5 0 + 1 .3 1 K5
3 1 2 0 1 4 1 0 .0 8 + 0 .7 0 - 0 . 0 6 GO
3 1 2 0 1 5 1 1 .0 6 + 0 .3  2 - 0 . 1 0 B8
3 1 2 0 1 6 1 1 .3 9 + 0 .7 0 + 0 .3 1 F8
3 1 2 0 1 7 1 1 .9 1 + 0 .7 3 + 0 .1 8 A
3 1 2 0 1 8 1 2 .4 2 + 0 .5 2 + 0 .4 0 F
3 1 2 0 1 9 1 2 .5 3 + 0 .4 6 + 0 .4 4 A
3 1 2 0 2 0 1 1 .8 1 + 0 .5 5 + 0 .1 0 A
3 1 2 0 2 1 1 0 .4 1 + 1 .1 3 - 0 . 3 0 B
3 1 2 0 2 2 1 1 .8 6 + 0 .1 1 + 0 .7 1 A3
----------------------- - ----- —  ------ - ■
V,
STAR
HDE
V B-V U-B SP.T ,
312024 1 0 .9 0 + 0 .2 5 - 0 .3 8 A2
312025 1 1 .7 0 + 0 .6 3 + 0 . 26 A
312032 1 1 .6 5 + 0 .4 8 + 0 .2 1 AO
312033 9 .7 3 + 1 .3 7 + 1 .8 2 F5
312035 1 2 .2 4 + 0 .4 3 + 0 .4 7 A
312036 1 0 .9 0 + 0 .2 5 + 0 .2 5 A2
312037 1 0 .7 3 + 0 .6 9 + 0 .2 3 B5
312038 1 1 .0 3 + 0 .2 8 + 0 .1 6 AO
312039 10 .6 3 + 0 .3 1 - 0 .1 0 AO
312040 1 1 .4 0 + 0 .9 4 + 0 .8 2 G
312041 1 0 .8 1 + 1 .3 6 + 1 .5 3 KO
312042 1 2 .0 8 + 0 .4 7 - 0 .0 9 A
312043 1 1 .4 4 + 0 .4 0 + 0 .1 5 AO
312044 1 1 .5 2 + 0 .5 7 + 0 .3 8 A5
312045 1 1 .4 7 + 0 .7 2 + 0 .6 0 A3
312046 1 2 .3 7 + 0 .5 5 + 0 .3 4 A
312047 1 1 .8 7 +0. 82 + 0 .2 5 B8
312048 1 1 .0 2 + 0 .8 7 + 0 .1 4 F8
312049 1 1 .2 5 + 0 .3 2 - 0 .3 3 B9
312050 1 1 .0 3 + 0 .3 2 - 0 .1 3 AO
312051 1 1 .4 7 + 0 .7 4 - 0 .3 3 B
312052 1 1 .5 2 + 0 .5 6 - 0 .2 1 B
312053 1 0 .9 1 + 0 .4 7 + 0 .2 0 B9
312054 1 0 .2 8 + 0 .5 1 —0 .1 4 (AO)
312055 1 1 .3 6 + 0 .5 0 + 0 .4 5 ( a s )
STAR
HDE
V B-V U-B SP.T
312132 1 0 .2 0 + 0 .3 1 i c • CO CD A
512133 1 0 .7 0 + 0 .26 - 0 .5 7 A
312137 9 .7 6 + 0 .2 9 - 0 .3 8 B3
312138 1 0 .2 1 + 1 .2 4 + 1 .0 0 K0
312139 1 0 .6 5 + 1 .0 5 - 0 .3 0 B
312140 1 1 .5 1 + 0 * 45 - 0 .4 9 B9
312141 1 1 .6 6 + 0 .5 1 - 0 .2 8 A2
312142 1 2 .0 2 +0 ■ 48 - 0 .2 9 A5
312144 1 2 .1 6 + 0 .3 9 + 0 .2 1 AO
312145 1 0 .7 8 + 1 .25 + 1 .5 5 K2
312146 9 .8 8 + 1 .5 0 + 1 .7 0 KO
312147 1 1 .9 2 + 0 .5 8 + 0 .5 5 A
312148 9 .8 2 + 1 .8 2 + 2 .3 5 K5
312149 1 1 .3 6 + 0 .7 0 + 0 .3 6 G5
312150 1 0 .7 5 + 0 .3 8 + 0 .3 5 AO
312151 1 1 .2 1 - 0 .0 4 + 1 .1 4 A
312152 1 0 .9 3 + 0 .5 2 - 0 .3 5 B8
312153 1 1 .0 3 + 0 .2 4 + 0 .1 1 A
312154 1 1 .4 8 + 0 .4 0 + 0 .2 2 AO
312155 9 .4 5 + 0 .7 9 + 0 .1 2 BO
312156 1 0 .6 5 + 0 .36 + 0 .1 4 B8
312157 1 0 .4 6 + 0 .5 7 - 0 .1 5 B3
312158 1 0 .3 0 + 0 .4 6 + 0 .3 8 GO
312159 1 1 .2 5 + 0 .0 8 + 0 .5 5 B9
STAR
HÜE
V B-V U-B SP .T
3 1 2 2 7 7 9 .3 4 + 1 .1 9 + 1 .5 1 GO
3 1 2 2 7 8 1 1 .1 3 + 1 .2 0 + 0 .6 4 K5
